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1. QuafUdhutsb Guanpui—ib (Engineering Drawing) - un&ib 1 

6^0 Q lj 3(3,66) gytu uipf)! ^oS/jzi) Q 3 37)3^6)5 6V 6)5633(3,6366)3,6)5 l_ <^0 ui_f^l 6 i) 33 lG(5)63§j dl(D[53j3jj 

6T66lu^j Qurr&jjGurr&QGu lurrGu 0«0 ld Gl(5r5[5(53}](5366r. G1 u3t5u5uj6V 367(7)3(3, 0 /$ lj u33 £g) 0 / 
^^l(Lpdd)uj^§jGULb 633llj ( 53 ,^]. 

31367 6)5lLl].6X) G< $366)3 13361] 66)tJ3 0Z_D (ffjUJ fSjUjfSj 6V 6^0 U33I3 2_<off)Z_/50/ 6)5lLI—3}] 6766T7)] 66)63($^J3 

Q3367G63313. 2-ufil U33LD £l66)i—336)56V66)6V. 6)i3>67i6S)i_m 63 l^gugsildu ip 13 ^6761/13 Q&rrQ^prrGV 

Q&uj&jj (BPQ-pupu] ld (oKoSTjru u6ssfl ld< ss)66t o5)o3 Q336vdl id 3^367. <oT(o$T(o$T Gl33($)LJL5rj367? 13 ld 3&>l fil 6 £ 0 <s 1//7 

63 L]_6366)13($3, G U 3(7)66)67 I37)G(D 3(7)63 j 2_(7)633333, G3,66)63UJ366L <3]66)66T3,3)]3, 3,36367366) 67 u]ld 

Gl33666ri—3}]($766r Q u rrdjhfiliu gv 6366)ju i_ld (EngineeringDrawing) . (Lp66T336vd)S5l6V uipGujf) ($76i?l6V (tracing 
paper) 6366) !j 3,3)] $6V r£ltD($6)l6V (536V 6T(f)uuj. g^ ) 3G63 (°^637)7)]d(3) (56V ^33 (blueprint) 67673) Quilk^ld 
2-6m(i)). 

3(7)($^366)67 ^(7)63§>l($g}] 3 7) 7)63 j3651_ 13 Gl ($ 6)5633361] 13 ^IjDGS)LDILItT<3^611 LD ^3J367 LlS) f[53}] Gl336763($7) (3, 
£g)0/ 2-l$6l]§>)3)3)]- 6766) 3, U] 13 £_(3}63733 G636SSL(f)13 366136V LJ f13 3666L3]367, 63 Lp 6313367 LDJDfJJJLD §J6VoShuLD 
^j^dhu6113)66)7)3, Gl(5[5[5&}] Gl336363 <3611663®LD. Q LJ 37)1 u5 UJ 6V 63 66) (T3,6V 37)3)]d G133666TI—36V LDlIQGlD £g) 0 J 
3§\ UJ 33 U L] f UJ63(7)I3. 3, (3) 6)5)3,63 137)7)] LD 3,666fl<S6fl 2-3,65 u56617)1 2-($G3,3LD33 6366)33,3)] 6£0 I33^lfu 

u i 3 , 66 ) 3 , (sketching or freehand drawing) ldjdjd G u 3(5 uGujgv 3673365 i_m Gl33($)($($76V ^] 66 ) 3 )u u 7 rj($($ 6 i] I— 66 T 

$3]367 6£0 G)3)3Lj5l6V Gl(5jfil (0/f (professional) 616617)] ^6333(67,3(3,(5 Q(3,5 UjG636661(f) LD. ^j J 3G633,3661, 
Gu37)lu5uJ6V 61166)3(3,61) 6T67U3,] GlU3$u5 ILI60767336566T Ql33Lfl 6T66T7}] Q376 v£)Gt) 3LD. (5^ UJ ddl765UJ 6VI3C3} 
LDLd(f)LD6V6V3LD6V GlU /70/ LIQU7(5ll51 LLI6V, lSI66tQU7(5 u 5UJ6V 137)7}] 13 U6V GlU7(5 u51 LLI6V ^66)7)3(67,3(3,5 

LJ UJ 67 U(f633,36V 6T6V6V7U Gl LJ 7(5 u5 UJ 6V 133666T61133(63,13 3 UilSlffl 6T(f)d>8}]d, G 3,656373U Z_//j?/50/ 

Q 3 36363 33 < 63 / 63 dhlJ 13. 3(oSsfl <S 6 fl 63 Lfl 63Uj.63 66 ) LD U /_/ (Computer Aided Design — CAD) (3, LJ f LD 7667 63 66 ) 3I-Jl 13, 

(Lp U U f 133666T 6366)3LJ l_LD, ^ 66) 3 6)], lfl—13 (animation) ^ S)UJ637)^jd(3 ) <3]S( 2_66T66T3,LD366T 

Q LD66tQu 3 0 L-3 63 63 6)51 if L- 66T. 6766^66)113 3(63,3(3, ^ L6j_ LJ U 66) Z_ /_/ jfl UJ 36)51 lfl— 36V 637)7)361) 6T66T66T 

UUJ66T? 

3)313 33if l _ G> 63666TLpUJG<3,3 (Lf ULJ fil133666T LJ3313. 3>l3Ll5ll _ 13 (f))(7)3(3,13 £g)0 uf LD3666T3, 3,363 <S>]6V6V&)] 

3666?l66?)3) G?l66)(Ju5l6V ^66)3, 67636337)] 6366)[JUI—13333 33 lL(5)63§J? G3,37)7)13 (View) 137)7)] 13 6)5Lp6V 
(Projection) 6T66T7) U)3^l366)63 (°^(£7)(&)LJ UUJ66TU dlG[])3l3. 

673,3, Gl633 0 Gl3,3Lff 6V7}]ifu 6366)3Ul_f 66)3,7] 13 633J(3,633,7)(3, (Lp66T, g^(]j)3,3}] [3313 6366)3UJLlGu3(3)13 

§£1(53) 6)5 *3)3> f)l3LD366T U33(j66)3,U LJ6V G33666L3J36dl6V ^)0/5^/ (5667(3} U3rfuGu313. 



LJ l _ 13 1 


UJ(5 £ 5 ) 33)Sjl6V Gl63if Lp (3(3)6333G>1 UJ 6^0 LJ3313 
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&ld <31 GfTGijgB (S&> rrp jd L£> (isometric view) 


§2Gfjd& QLorrLfluSlsv “iso” GTGsrprrGV &ldld “metric” GTGsrprrGV ^gytgli GiGsrp] Qurr^m. £§)#*/ GpGuQGurrrrij 
^G&IGVILD (axis) <EFLD ^GYTGmGuGlU UILIGtTU @< 50 /SlQjOfTLC) GTGSTUGDpd (gjjfildS)p§J. 





Ul _ lb 2 — 6£0 &LD ^GUGl/ GU6S)rrU l_LD 

&ld ^gytgii 6U65)fjui—d)§)(sb Qu /70 g/t )i Q&rd (&,p§jd Q&rrQ&GinGn Q&rhi(jjp&>rT&(3Gu GUG3)p§>)(3prrLC). 
Qurr([Fj®i?l(rir LDppjLD ^,j-pp pGnrd&GrflGir GilGmuLDuud (S&,rr(^&,GS)m S(^z_/jd/^z_^§J)q 5)0/50/ 30 

u rr6$) 6V GUG$)p&>)(3prrLC). 

<5Tf5&)LJ QurrdHuShu(SV GUGS)rjui_{Lpid <^0 Q u rrQ^GDGnu upn$hu GTGVGvrr gGIgu rrrd&,GX)GniLi ld amli— GGUGmQw. 
Q&rrQpp GUGDrru up^loSlq^rB^j ^\d>pu Q u rr^Gnsnu unrip) (jpQpGsujuu rr&,u i_/ rB^jQ&,rrmGu^j &rrp&>huLDrr& 

£g)0«<95 QGUGmQlLD. ^LDLDrr^lrfl 6^0 &LD ^GYTGII GU 6D IJUl _ LD ^GDGSTp^J <@5) GUJIhl <55(off )GYTILILD ^ GWG)J &?GS)GfTLLj LD 

GpGrj gugs)jui_p§)gv amli— £g )lUGtrprrGV ^j^jQgu d]pd,p^j. 

6^0 <EFLD ^GUGl/ GU GTS) fJU Up6) GV UGV p&GUGV&Gti)Gnd <$/TZ_lz_ (Lp LGj. LLf LD. ^jCThLJ iSlGS) I L£). UI_LD 2 GV 2-GfTGYT 
QurrqTjGriiGST l51gsti_ipp^Igv 6^0 ^jgdgyt <§)0/5^™3, 6^0 GppGnp &ld ^gugi/ GUG$)rjuud>G$)pu uiuGtruQpd) 
^d>pd) §jG$)GrTGmud arruu (jpLq_iurr£i. ^[Bpu Qurr^GiflGtr (jpQpGDLDiurrGST gOIgu rrrd&GG)Gnd &rr zJ_z_ QGupj 
6^0 gul£I G)pGS)Gu. ^gjprrGtr GurflpGprrppLD. 

GurflpGprrppi-b (orthographic view) 

6£>0 &,GmGmrrLii_u QuiGl^uGIgv qgi?Ilj(£ r^GV&Gn qpgvlc) Qprrrd& g)5)i_uulGl_ 6^0 G) u rrQ^GDGn 
GDGup^lQT^uu^i (SurrGSTjru &>pu gs)g$t G)&iu§j urrrgjrd&GfT. 




ui _ ld 3 —6^0 &6m6mrrLpu Qu l^l^uSIgv Qprrr£]& G)S1 i_uul^l_ urr&LD 

^Lp6$rir)j (Lp&fhJ&dr g^guQgu rrGsrndlGVi ld ^gy/500 SjlGn&udlGV £§)0/t>0/ urrp^rrGV Q^rfliL/Lb Qurr(r^Gtfl(dr 
GprrptppGnp gu Gnrriu gl/ ld. 



Ul _ LD 4 — 6£0 <517/^0 (S^rrjJOJJDLD GUGDrTU l_LD 2_0(517/7<i<$zi) 

*3!®3)§31 QulLlpgs)ujlj iSlffl^rrGV (ui—LD 4) 2-fhi&((GtT ) d(& ) ^LpGmiru Q^rripiDrd^Gfr d)GS)i—d(^LD. / 5 / 7 /i) £g)(5tf)0 
6urfl£(3prrif)ir)Lb gigst/tu ^GnLpddlGiprrLb. 


top view 




ui _ ld 5 — 6^0 Gufilp(S^rrjjDjjoLD GUGnrru i_ld ldjjo^jld s4pGvr Gfi)md&LD 

(^1 (o$)<3)0)UJ ©<7/57000/ Gi^LpGV ^gvgv^j 000/ sii/ps v (orthographicprojection) gigst/T}]ld Q&rrGVGVGVrrLD. 

GjQGZTG$f]GV I—11 _ LD 3 GV &rTGmU§J (SurTGV ^g>/(5&) (55700/ G)?LpGV (§&,rr(j) &,(GfF,LD G^L^GO ^GYT^SjlGV ©<7/57000/7<95 

G)31 (LQ<d)GVT(T) 6757. <517/f?000 fTfDfDLD <o7(S57Z_/0/ <S£0 © L//T0 (55) 6)7 (LpGMLjp LD, (517(51)0/, £g)/_0/, QlDGV, dtp ^GVGVgtf 

iSJ&fri-ijDLb ^t,S)uj GprrjDjprd&GrrlGV &rrGmiSld&d &^Lpiugj <^ 0 ld. ^GiJGurrtru GpGp Q u rrQ^GDGnu ugv 
G>0 rrpprd&> gs)gyt gt> (51700/ gSIgu r(uuprrGV ^Gnpu UGvGprrjpp GUGnrru i_ld (multi-view drawing) gigst/t)] ld 
Q& rrGvdliprrrf&Gfr. £g)/50 cJV^^00/0 (SprrjDjDrd&GnGniLi ld <$/_!_ z_/7//jld/7<$/_7 uiuGVTu(]j]d>p>uuL_ (SsuGm ®ld 
GT&hfJO ^IGV&ILI lOgVGDGV. 

£g) ld ld n§ji ft £g)z_ 0 / ud&£ (?0/7/d/D0^0 ^)/_ 0 / Li/nddlGViLD Gld/d/-//D 0 G0/7/d/D0^0 G> ldjd li nod ® ffl/ /i) 
c55/7/i_(5)(Si7(o5)0 ^LpGmjprrLD Gd5/7(o5370 Q^rrpjDLD (third-angle view) GiGST/jp Q&rrGvdjQiprrLb. £§)0/ ^GlLDffld^rr 

LDJDJTJlI LD <7(5157/_ UG)51gV GU Lpd<HELDn&> 2-5)7(5)70/. 
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^fB^iurrG) 51 d) f^mb (ip^GV Q&rrGmd) Q^rrifipib (first-angle view) <o 7 W/d p,rrfilGV>GVGmuu iSlGiruifigiidlQprrLb. 
(LpGirLiir)^ Q^rrpp^^jdi^d dip G/_d/dz_//d^ Q^rrppib £g)0<$0/i). gugv&j ud&>d> Q^rrpir)Lb (jpGirLip^ 
Gprrip)tr)£6)Gir £§)/_§J L-IJDd)d)(sb ^)0«0/i). £§)0/ b>S)liud> ^pd^Lb(fi)uurrLi(fi) ^gvigugv&ld (BIS) LDjfifpj ib 

UGbGVTmb(fid> <3)fjda,Lb(fiuumb(fi) ^gvld /_}/_/ (ISO) U14. ^GDLDfB^jGfTGn^j. Qurrg^u Qu rrpliiSliuoSlGV (Civil 
Engineering) &Lbi_i_rd&,GX)Gn GUGnrriLi ib Qurr^j (Lp^LHD^ Gprrpp^Ginp (jp&LJLiu ui_ld (Elevation) sj&bjruLD 
Gz_dq 3 l//d< 9 > Qt£rrrDfDb)6$)&ib) §)lCi_u ui—ib (Plan) sigh gum s^guGufi 

6^0 uGvQ^rrifig) GUGnrru i_g§)lGV Grp^p Qprrifipbj&GinGnp (3</5/7<siy Q&iuuj QGUGmQib? /5/7/i) GaGD^iL/ib 
QurrqjjGfT ufiplm GTGVGvrr gOIgii rrrd&,GS)GniLi ib GIgligtH uubgggb Gg>rrg)g)b]&GS)GrTiLi b GUGnrriu G> guG m(fi)b. 
(gpGtrgu (Sojrrfijnrd&GfT <%xL_ GTuQurr§jb ^Gudhub ^gvgvgv. Q u rr(gGS)Gn (LpQgGnLDiurra GfilGufida, GTgQggg 
Gprrifipbj&Gfr Gp gvguQ iurr ^jGuifiG^p GUG^pg^tTGb Gurrgjb. d gv Qu rr@Gn&(<sn)d(8} (°£jrjGm(fi) Gprrfipbj&GGn 
Gurrg]LDrrG$TG$)G)j. LDip)Qg)rrGirgL]b(& > grrGir^ GpGmGuuui—Gvrrb. &rrGirg)rr& ui_ld 6 £g)o3 2_GfTGn ^(^gdgytgijl^gu 
urr&£g]b(&) (°£ipGm(fi) GprrpprdaGfr Gurrgjb. 



01.0 

00.65 



ui _ ib 6 — (°£]rjGm(fi) Gprrpprd&Grr ldlEQGld (S^gdguuuQIld 6^0 2 _(gGDGfTGu LgGu urr&ib 

^t/jg)//p/<$ (SpirrDJDLb (perspective view) 

<efld ^gytgii mfignb gu rfl^Gprrifig) b &>gS\\j (jg)ujGVipib Gprrifig)ib (Surr&bg) Gsugn dGvp Q^rrpp bj^(§tgb 
2-GfTGYTGtr. (s^iuGVifnid Q^rrfip^^lGV G^GtfhbhuGV &GmLDrriub (optical illusion) gEIgdgugu rrb urrrfd^ib 
(3&rrGm£6)GV ^-Gugu 6^0 Qurr^GiflGtr ^Lpib 2-GmG$)LDifilGV gttgytGS) g,Gbl 1 d (g^GDgGu rra,(SGu (SgrrGsrgu b. 
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ui _ LD 7 —6^0 (s^iuGvmid G 65 rrjr )jjold GUGwrru i_ld 


^mGii (&jn5l£&i<sb (dimensioning) 

Ul LD 8 GV &LD ^GYTGII GU 65) J U l_d>§7 GV QU /70<srf) GST ^gy GYTG5)GU JTtfTLD <95 mlUj-IL/GfrQGYTrrLD. <950<95<95Z_D/T<95<7 Q&rTGVGV 

(3guGMT® ld rTGzrrrGV, ^[B^u Qu[ t^g^gyt 2 _ 0 <si/ wd^d, Q^G5)GuiurrG5r ^gytgii^g^gyt z_fl< 95 <siyzi) ulugwigugu gul^IlSIgv 

6U65)jui_d>§)6V <95/TzJ_®zi) gulj5I g7G5tg5tG)gug5t^j u rr^rd^Gn. ^G5)^d Q&iuiuuGurr^Lb 6rd>S)fj 

(ol5)(o5)(o57(00(950^ Q^G5)GUUJrrG5r ^GYTG)-l&Gfr GJGVGVrTLD £g)0<95<$ (SgUGMT® LD. (3pGVG)jd&6)&LDrrGtr ^GYTGLI&GfT 

^)0<95««<9^.z_/7^y, (3^,gdguuj rrGm gttgli &>gs)gtt <si5)/G® 6i5)/_757^/_70/. 



Ul _ LD 8 —^gy GfTGLI&Grr 07))6565 6^0 &LD ^GiTGL/ GU65 )lju z _ld 

6£0 /_/ GfTGlflifilGV £§)0/50/ ^/®<9><5 LIGiTGufld^LD lSj65T65Tfj ^[B^U L_\GiTGlflifil gS) 0/50/ QguQ jD^TQ^ L/GfT GllTl d (&j LD 

67 gw try G) 65 7 /_ ij a< ef> ^gugl/ Q&rr® u ugy ^Gujry&Gn GiLp GULflGu^d^LD. 6^0 l/G rrGifl Gmu ^j ? &>rrrjLDiT& 65)6 u£§j 

ugvGgujtu Lj6U6rr]&,(6n ) d(GF > ^gugl/ Q&rrQuuGp ^di^LDfTGw^j. urr&^Gmp 2 _(tT)Gu rrd(^LD Grd>§)ij 

(5lS(o5)(o37(00«0 67/565 GUrflGW&lfilGV ^gy GYTGLI&GfT GW GU G> ILI fT *3\d>&> GU jfl GW & iSi GV G) <95 7® 65 65761) L^^Gl/LD 

2-£G)5hLI rrs 5 £g)0<950Z_D. £g)/70 6ULpd65)&LJ lSIgWUJBJT) 2_ff)ud>§7 G)&lU(Lp65)jr)lfilGV Q&rrtGTj&LD e-Qf 65) ILJ GU LD 
G&>65)6U. 
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2. QurTf$u5hu<oV eues)[rui—i£ (Engineering Drawing) — Lrn&ib 2 

urr&£<sis)t 5 Qgul . 14 . s_®rr GfihsutJLD &rTLL®p<sb (Sectioning) 

6^0 Q u rr^srri&k 2_6n g(j]gij rrrd&onm Qsijsd] u (ui—LD 8 ) &rrLh—(LpLq-iurr& l i. &)<so (SrBrjrhi&GuflGV 

L/drs/rld (3<95/tzJ_i£(o57/tq3 (dotted lines) &> mi iso mb. ^lj u l^ll/ld &r?lujrr&d &>rr zJ_z_ (°))uj<svrrG) 5 )L^i_rr 6 V Qgiitu <s^0 

GlILfl ($&>6X)6)J. 



u 1 _ LD 8 — ^gi/(o5) 6zt£§j GdlGijrrrd&>(5S)GrTLLiLt) <^ulLi _ n&) &ld ^gytgi) Gusinrru i_ld 

gOIgu rrrd&sh Q^fhL/LDrriru ^// 565 /j Qurr^G^md (&)fr)jd(S& Qgu legist rrd) ^TuuiGj_d> Q^diqGmrr 
ui—LDrr& Gri6$)rnu6vrrLb. QGml(b)(Lp& GUGinrru i_ld. Qurrir S) (engine block) Gurr&srjr) 

urr&rd&srrlGV ^dlKi Gmi d&LDrr&sr gOIgu rrrd&m u<sv &mli— ($6iJ6m(hj)Lb. &ld ^gugl/ svgj Giiffl^Q^rriDp 
GUGinrrui_^6)l(d) LjmoifldG&rrLii-LLQd Q^rrm^u^j lSI&gl/lc) &>l^g^tld. £g) id ld rr&>lfl 

G(sij(5is)<svd(&j ^)/5^ QGriLL®(Lp&Lb ^G^jr^ujGS)LDUJrr^^j. 

6^0 Qurr^GDsnd (& ) frud(3& QgulL(^)gij^j Gurr&hirjtj ^jdugdgst Q^uj^j u rr^rdam (ui_m 9). 



u 1 _ ld 9 — 6^0 Qurr^G^md (& ) jrud ( 3& QgijlLQgijgis)^ ^^gij&ljljQ^gv 
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Ul LD 10 — UL LD 8 GX 3 2_<SY7W Q U /70(o5)(5Y7'« (^gjdQ <95 Q GV L^(g)g>GV 

(Lp&ST U(&)§)}G$)UJ G)GUL_l_q_ G)S1 L^L_rTGV (UI_LD 10) l8sF>LD £-GfTGYT<3jJgjnGST (Lfi(Lg QgUlL®(L f)&3) Q}<EF,rTff)fDLb 

(l—l l _ LD 11). 



Ul _ LD 11 — &LD <5YTG)-I LD/JOgyLD GU [fl^Q^rrpiD^^GV Q GU lL® (Lf)&LD 


(gjgijdtQ Qgul-GV)I— GrBgrr&u urrrf^^rrsv ui_ld 11 Qurrsv <95 Q^rrppLDGdld^LD. 


QsBrTf&jLJL-i (SU(oS)[jui _ fhi&GfT (Assembly Drawings) 


6^0 g>G5)GDiUG5)Gmd> ^rrrdd) (pillow orplummer block bearing) Qs5rr(&)§)u5lGir &ld sysfTGpg, Q^rrjpjDLD ui_ld 13 gv 
&,rrL^i_uuL^QGfTGngy. ^) 0 / 6^0 0 / j 5 ) z _}/_ 9 l 1 /_ (3&rrGms56)GV £§) 0 / 50 / $rd&,Gn ^-GmtgdldiiSIgv urrrrd^Lb 
Qurr([FjGir>Gn Qr5([ijd&LDrr& Gps5§jGfTGn§j. 
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ui _ LD 13 £56$)6Viu6is)6m£ prrry&yhiSlGir ui_ld 


Qldgvilc) &ld GprrpppS^GV ^&s)GViu&r>Gm^ ^rrr^jSl&mud Lp l^l^ll/ld & / tz _ 1 z _ (Lpi-piL/m (ui—LD 14). 

^jS)l6V prrr£]&>) ^gtdldu iSJ&st urr&,rd&,GS)Gnu urrrfd& (LpupiLi ld. &ld ^gugl/^ Gprrif)ir)r£]&(ofr GpiF(^Q Lorr^^r,^ 

Q^rr(^§)®s)ujd ) Q^gtIgu rr&d < 55 / 7 l 1 z _ (LpL^iL/Lb. ^onrrGV gF)gu rrrd&m LDpruLD ^mGii&GTnm (LpQ^Gu ^ld 
arrLLQGugj ^Lp^nm. 



Figure 14 —65 &S) go lu 6iD gmt d> prrr£]§>)Gmud ^LpiFLpd arriFQid ui_ld 
QgulL® (Lp&d> QprrjDJDrzi&Gir (Cross-Sectional Views) 

(^frud^GlGuF-Qp Q^rrfDfDLb urr&£6)(dT QgulLQ)lju(^^1g^uj d)£pr?ld§>)tr)gj. £§)#*/ &rr^G$Td)S)Gb 
LDGS)fDd>^(^d(^LD &^fru&( 5 $)< 5 nd <$/t/J_z_ zjd/dQ/d /70 GULpl. 

{F>67S)6VUJ6$)6m^ prrr£§>) Qprr(&}6) gdlduj^^Ig3t 2Mii_rr&, QgulLQld <^0 &[£)ugs)g$t 

Q&uj&l] urr([Fjr£]&(ofr. ui_ld 15 go &,mFi_uuLF(^)GhGnuLp, ^gh^^gst (Lp&fr 2_GrrGn QgulL® urr&^Ginp 

^^noplGFl^lGu^ (SurrGod &puG$)Gtr Qs=ilj^j urr^ry&Gn. 



Cutting 

Plant 




Ul LD 15 — £(5$)(SVUJ(5$)(5m{5 65 [TfhJSilLjLD ® <SrT(LfiLL ) 


urrrjd(^LD G&rrsmdigjd^d ^(r^uu^rrGV ^m^^jd^Lb 

G )51 Lbi—^gjjd^LD 2 _<sy 7 W 61 ®®6565^6565 gu rr&d &rrLL@LC). LS^LSlq^d^ii) iSl(rirud&LC) ^uuL^^^rrGir 

Q^rrpjDLDsdld^LC). QgulIQ) (Lp^G^^d (^gud(^d G&rrLDpLlQd &rrL-®§>l( 3 ir)rrLC). 



Section 

PP A-A PI 


ui _ LD 16 — 8 )Gv>G 0 UJQS) 6 md> rr(hiSluSl g£t Qgul-L^uj u(&jdl(Gmu fiddhiJiSl&fr 


&ld ^mGLi Gu&nrrui_rd&,&n6n <si5)z_ ld ld rr^l Gu&nrrui_rd&,&n6n GUGinrjGug] (oTGifl^j. ^gthuguld u51d&, 

Qurrphurrmrram ld ld rrd)l ffl GurflpGprrpprd&GinGn GmGupgj urr&,rd&,&n gullild Q^rr(^ui^&GvmiLi ld L-irflr5§j 

QarrGfrGurrrr&Gfr. LDppGupa(6njd(&}d Qarrtdij&Lb uifiltftd) (S^gdgu. 



Ul _ LD 17 — “A-A” (olGUL-Qd) 3)GfTLD 

ui _ ld 18 $j<d) QLDpL-ip GlGUGdl^Q^rrppLC) ^rrLbQ)S)QprrLb. £g)d£/ Gurfl^GprrppLD. ^LDLid^djl&Gfr ‘A-A ” 

QgUlIQ)^ 656Y765^D65 /5/7/i) UfTijd @ LD §>l Gn&GS)UJd <55 ml (J) ffi GSTT) (o57. 






ui _ ld 18 — prrrd&hiSlGir Gz_d/d/-//D QfoJ^^GprrjDjDLC) 


* 3 l<sis)ij QgulL® (Lp&ib (Half-Sections) 

ui _ ld 19 LDjTjngj ld 20 £g)o3 ^m^L^uSlQ^uu^j (SurrGV <^0 urr&f&l&fr Gprrif)ir)£6)(sv urr^lGsnu ldlLQld GlGUL^L^d 

&rrL-(f)6)j§] tSyapnu QgulL® (Lp&rn. 



Ul LD 19 LDJDfQJL£> QgUL-® (LfiS 5 <EFLD Sly GUOS)IJUl_LD 



ui _ ld 20 (LfiGir Q&>rr(DfD(LpLb <3j6is)rj Qgul-Q (Lp&(LpLC). 


(&)rrjjd(&)d G&rrQ&dr (cross-hatching) <$ 0 <£§?( z _/ q 3 z _ ji £. QguL^( f) uul^l_ (Lp&rd&(5$)ffld ^rri2-(^S)(5irjr)(5^r. 
^dG&rr(f)&(5ir><5YT 45 u rr^naudlGV Qu^GVoShu^rra, gugdjgu^j GULpd&m. G&rrQ&GrfJGir ^]&s)i_Q6U6rfj &LDLDrr& 
£g)0<$<$ G6U6m(f)LC). 




ui _ ld 21 LDQS)rn{b2) G&rrQ&m ^dxsvrr^ ^G^rj QgulL® (Lp&LD 

(^gud(^d G<95/t Lq-Lli— Qgul 2Q) (Lp^^^lGV L/GfrGifld GarrQ&Grr QurrQlGu^j guL pd&,L^GVGDGV. ^GYTGiidGarrQaGfr 
ldlLQld (SsjOdgu uuL^i_rr6V (Su rri_GvrrLD. 

Gldgvild (§£<sis)<sijujjdjd G&rrQ&GmGnu QumHQ) gugdjui_^^gv Qnafl&(sb 2-6mi—rrd& (SsuGmi^rrm. 

§]<o$)<orT&m, ®SI<sorrd&<5rr (ribs) sshm urr&rEi&<sfl<sir QgulL® (Lp&ih &ml($)t 5 <sb 

GUGVgJ ud&ddlGVIGfTGfT QgUlI® (Lp&LD (J^GDJT) U U LIf_ &$) LU IT (o$T<3j]&) IT (o57. <5T Gtifl 6$) I LD l—§J ud&>ddl 6VI (ofTGYT 

QgulL® (Lp&LD (SurrGV &rrL2®6ug]prr(dr ^ ld ld rrS} ft u rr&,rd&,(GfF,d(^ GULpd&LD. 




CORRECT 


Conventional 

Section 



NOT RECOMMENDED 


Ul _ LD 22 QgUL-® (Lp&LD 
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3. QunffihiShusb 6 u<s$)[jljl _ L£> (Engineering Drawing) — urr&LD 3 

&>fTL-(})i&>< 5 b (Dimensioning) 

6£0 /_Jf7^65^cD6565 Q^SffiGUrr^ (Lp(LpGU^JLD G)51 gU UU^J fTGST (SKT (SrBrrd&LC). ^STTGlJ&SrrlGlfr 

( Lp(L£)d) Q&>rr(3)U6$)u esxsnip&jj ^\d>&> urr&d>6is)g> tspGp <s ^0 GflpLDrr&pprrsir L/fipsy Q&rrmorr (LpL^uj GgugmtQld. 
<sy®TT6)-i &rrL-Ch)fr(oVid(& f ^giprrsir (Lpddhu GULfi&rrLLLj-. 

• 8j]<sb<sSluJLb: &rfliLirr6ZT Q&rr@d& GgijgmtQld. 

• Qg ;<syfi<si/ ^fkurr^r ^i_d)§)6V (Surri_ ($6U6m(hj)Lb. 

• (Lp(Lg><olS)lJD: <57(o$)<5)lLfLD G)fl lL® <Sl5)/_<Sl/zi)c9^Z_/T0/. 5755)^7,(1) L£) IJGm® 5)5177, LD TT&, 51) LD (SufTl_d <^l/_/T0/. 

• UU)-d< 9 Z£ 5 &id&&il: Gc 55/7(5)<55 (o 5 )(oY 70 Gt 7 , 55 ) 5 U UJ 555 T <E 7 ,!jd,&^ 5 b Qu /7/J_/_/7 q 3 Q £ 5 I? 15 U TT& LI U Lj.d& G^ILKSVILD. 

&rTLL®<sij§)<oiT ^ fUj.uu<ss)L-&6rr 


^5TT51)d G<55/7(5) QLDGOoS)UJ$rT<3i ^ LD L/d(7!)d)] LL) l_55T, ^55)l_uSl(5V <3)5fT5l) <oT(Lg&> ^jl—LD SiSIlIQu, (3/_//7Z_ 
GgUGMT® LD Ul _LD 23 . 



ARROWHEAD 


XX 




DIMENSION LINE 


1 mm 



EXTENSION 

UNE 




/_//_/i) 25 G>l//tz 2 _z_ sussirjui—Lb 

^ILDL-id^rfihiSlsiT ^<ss,so gmmjf 3 lSIlS d,<smi> l uSIlE ^a<soii> ^(njda (osusm^iid. 
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uaa^g^Gm ^ Lbag^oSl^ggi $l2i—6v Gaa® Gu/tl.® ^GUGL/d G&a® Gum _ Ggugsm® ld. (LpgGV ^GUGL/d 
G&a® uaa^g^lG61(g[5g] 12 l61l 8 agrggS)lGV Gurru GGUGmQlLD. $l2ugv G&a® ua&gd^lGiSlfgjrBaj 1.5 u51l 8 
§jjij3)&Zi(sb Qgaurdd) <95(o5)/_£) ^GrrGLjd Ga^aLiLgG61(grBgj 3 lSIlS gugdj QguqtHii^gv ^(gdas Ggugmt® ld. 


- 28 - 

44-4 


2\06 



ui _ ld 24 — anl($)d G&a® Gurruu gugs) 1 jui_ld GrQggjd&aLL® 

urr&£6?l(dr g^(§ u^^IuSIggt ^GUGDGud a,aui_ ui_ld 24 £g)o3 a^GmuGuagu anlLQd G&a® GuauGvam. 

'gjfflGii&Ginm 6T[5&> @ji-.£f5l<sb 


6^0 ^ magGDg l6]&>glild QgGiflGu aa, g6)gu dd(gLb (Lpa,g§)GV <syg>GST gwgs)Gli d a,au(^)Gugj rBGVGVgj. 

GfTGlI&>GS)GfTU QUa(gggLDaG7T LDJDglJLD Q U a(ggg LDJJDJJD £g) I— Ihi <95 GlflGV &> auQ)) GU gGGT GTQggjd&aL-Q&GnGYTLJ 

ui _ ld 25 Q)gv a>nGwrGVmb. 


025 ±0.05 




R25 


CORRECT 


025 ±0,05 


J_y 20 * 


h—“40—n 

INCORRECT 


ui _ ld 25 — G) u a (jTjgg ld a ggt LDj7)i7jj ld Q ua(njga> ldjdjd ^]i—g^GV ^gugl/ a, au® gu gGST gj® ggjda, au® 

^GYTGLI &aL2®GUg] Ulfidjl /_/ffiggj Q&aGfTGYT gaLD 6£0 GTGlflILI QaGlJGUa, Ua&gS)lGV Qg>ai_rda,GVaLD. $j[5g 
GJGfflGS)LDILIaGGT Uaa,d>GS)g> (Dp(LgG5)LDILIaa> G^GLI /f?<95<95 gpGGTITU ^GYTGLI&Gfr LDlLQGlD GgGDGU (Ul _ LD 26). ^g>GGT 

gwgli&>gs)Gw GirdGa, a,auQ)Gugj gigst/tu Guj adda^u ugv urda^Gn dlGnuiuagj. 


60 


40 





u i _ LD 26 — (oTGj/iUu urr&LD 


[Brno 6£0 <95/7I£. Q&LlL-(hj)d(&) <95/7/i_/_ GgiJ GmQQ LDGlrf 6V &}<S0 (LfiL^Gl^^(GDGnd Q&UJUJ GgU( 5m®LD (UI—LL ) 

27). 6^0 QurrgjGurrGtr G&rr® ^jgvgv^j ^(oY70^)q5)0/50/ ^gugl/ QarrQuugj £§)</5/D0<i d)pt5^§j. £g)<o&)</5 
^ Lpu uss)i_d G&rr® ^gvgv^j psum (datum line or surface) SL&frjru Q&rrGvdlGprrLb. ^)/ 5 ^ ^ Gmi f^fLDGS)puf(5V 
^rddhoSlf Qpm_rrrr& ^sugi/ Q&,rr(f) u uSHgv guqt^ld &^if(f)Lj iSl 6 $)Lp& 6 $)< 5 n£ pstf) rrd&,6vrrLD. 
siGVGvrr ^snGii&isrFfLb ^ip_uuGS)i_d> psuf^loSld^f^j Qprri—rd^Gu&npd aGusxfid&Gii ld. /5/7/i) 6^0 

Lpuu6X)i_f pmf&np ui—LD 27 £g)o3 G^/j(5iy Q&iuGprrLD, ui_ld 28 $j<sb ($<sl iG)prr(p pGrr^Gin^ Q^rfGii 
Q&iuGprrLC). ^gdgu (Lp^rGmpp^rr^ £§)0/5</5/7q3 GurrgjLD. (u i_fS)l6V Qldgv G^/7/d/d<5<°s><5 ldl-($)Gld 
<^mL(f]S]QprrLb). 



Ul _ LD 27—LpuU6X)l_f pSULD <oT(f)£§jds 5/7/2.® 


NEW reference (datum) surface 

/ 

/ 

I 



U l _ LD 28 — ^ l_[j_u U(5S)l_f pmLD LDjf) QprT(p 67@650/c^(7/_2(/j) 

/_//_ LD 29 £g)o3 /5/7/i) 6^0 0 /(o5)(oY7//5(o57 (5iSl1z_^(o 5)^ £g)/_0/ ud&LD «/7/i.^_/7/(5yr(S(5Y7/7/i). QUrTplllSllLIGV 

Gu&nrrui_rd&,6r(6V stf) Lh_f&s)p “0” 0 // 5 )/ 1 //_!_/_/ 7 q 3 &rr6miSluu& l ] GULpdam. ^d^pludi^GDL- /5/7/i) <si 5 )/_!_/_ld 

(dia) GTGSrGp UUpd&GV tTLD. 
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ui _ if 31 — GrBfjLq-iurr&p ^jGDGmfGsr ^GnGp &rrf(i))Gug] LopQprr^ GrQpgjd&rrf (J) 

£g)/50 GUG$)TJUI—f ffi(o5)Z_LD/_!./_ <^Z7)//J<iG<95/7zi_^(^0/50/ ^LoddlJfT^ 2_6y7W0/. ^65/7(5170/ GTGVGVrT 
udard&GiflGVif g^G/j LDrrdilrfl 2_<sy7W0/. GnLDiudG&rrdf&Gfr (&rd§>)(s6lLj LqGfTGrrhfFi_GG)Gu) &LDddij 

urr&,rd&,(6rF>d(&) uujGwuffpuufflGsrpGsr. Gldgvild gu fi_rd&,Gn LDpfgjf ^jgs)Gu&,gFgst gs)ld iud>(flp^f 
uujGSTuflfpuufifiGSTpGST. 0/7/i) QrBpupiurr^ GS)LDiudQ^rrfLq.GV ^gytgli Q&rr(f)d&Gvrrf. &)gv GrBprd&GiflGV 
^LD(Lfi(GS)ir) p<5nrd&((onjd(8} ^gs)i_u31gv ^gytgli Q&d® u uGnp, <s i $ z _0 Q^gtHgu do, ^(rrjdad&^dff. 

GUGS)[JLJ L _ d d50Qfld5(SlT 

^jgvqSIuj lddgst QurrpluShuGV GUGnrru i_rd&,Gr(GST (engineering drawing) ^ Lpu ugs)i_&,gs)Gyt G)fGnd(^GU^j <ef>dgst 
£g)/50<95 G$)3,Q)UjFlD{-GST GtBrrd&f. (LpGSTGSTTJ <S17(^/7UZ_0(o&)00 0(Z_//7/j?L7Z_J0/D0<i GS)&,UJDGV GUODJIL/LD 
&,(TT)G)f&,GS)GnU (Ul_f 12) U ILI GSTU (f)p6) GStf (Lp^G^GV T GU IDpGU GUGS) j(3&,DGV (T-Square), ^LpGS)GVGffl—fj^GfT (set 
square), Q&rrGmLDrrGsfl (protractor) (Sp,GS)GU u u fi_GST. ^Guprud^u ud)lGVrr& 2_([f)GUGG)rrGU dgst (drafter 

or mini-drafter) <si7000y. ^gdgu p>G)fij &gyj rrrriu ld (compass), iSlfjrrGsrdhu gugdgittgi^^^lc) (French curves) 

(3p,GS)GU U U fl_GST. ffuQurTQpgq <95 GSsFIgsFI 2-P>G£hiqi_GVT GUIDpGUGti)LDU/_/LD (IT)GU (oft)/J(51/LD Q&lLlSllGir) fTlF 

(Computer Aided Design — CAD). ^Lpu ugg)l_ GUGnrrui_f p,qrd&,(GrF,f, LDqi_i&,(GrF,f frd&GTT gtgstgst aq^GflGmud 
uiuG<ku(ffg l id>ljr)rf&,GfT GJGsruGnpu Qurrq^fppGVGV. ^&Ggu GUGnrrui_rd&,Gr(G$T ^ Lpu ugs)i_&,gs)Gytu 
uuSIgvild Gurrgj gs)&,ujdgv GUGnrrLLjf &Gm(3Gmrrfi—p6)GV £g)00G>0 ^ Gmi f^CSGurrm. 



ui _ ld 32—T GULpGu GUGnrrG&rrGV, QpGnGVGflfi—fi&Gfr, ^(^gugdjgu dgst 

QuuJtJtiQ&nt&jfB) (TitleBlock) 

6^0 QurrphiShuGV GUGnrrui_d >§)gv (LpdSliu p&gugv&gtt Q&rfilfp £g)/_/i) <sqpG$r QuiurfpQprr(&}6). £g)0/ ^3\d>p 

GU (oft) TJ U l 0 (oft)0 ILf LD ^p,GST fl fTpGU GSrd>G$)<EF,Uqf £)<95 [TGfrGYTG)q LD, ^ (oft) l—UJ [TGYTLC) <EF> TJ GSSL Glj f, LFffl ILI IT GST U Lp 

GcJZj5)00/ G5)Gud&Gipf) (LpdflUJ JT)]GG)LpGU rrufiGVrr&U U ILI GST U (fid) /D0/ • GUGnrrU l—fSjlGST (517(51)0/ djf) (Dp G$) GV ifl GV 
GTGVG$)GVd G<95/7/_!_ (f)l—GST (^G$)p <S17(oft)/7<ol70/ GULpd&f. 
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f^lpsufiurib 

C UHI ij / 

#l6T5TOTTLD 

*£1l_i_i b 

Qyujfi 


LCITfpfpLb filfiSBIJUL €]$m 

fflflUITlj^ftJfT 

Ifr] fiffl ijjjj-gj fiiJ IJ 

siSi^l^iii u**lc- tsm 


ui _ ld 33 — Quiurf^Q^rr^Sfl 

UGirG^rmlffi)^ p>rrd &,u(fi)uurru(f) ^gdldu ip (ISO) uuj. GUGinrru ufi&flGsr 2 _fiG$)LDiu rrsurf filruGHG^ru Quiurf 
^gvgv^j GUGmfl&d d&STGSTLD, urr&p&flGir Quiurf, <sy6$)i_ujrrm gtgmt, &&&rru Qurr^m Gurr&srjr) 8 ppGii&Grr 
<ef>l_i _ mu ld Q&rr(fi)d& QGUGmfiflLD. LDfip &)gv &>rj GLi^Grr Q^G^GudQ^fiud Q&rr(ff)d&GvrrLD. 

^luffi] pGfihuGV GUGnrruurd&GrfiGV (°^g$)gij &>Gfi\rj £) gv &>ijG i/rr gyt Gui^GUGvmuurrGnd&(^d(£LD 
^fiufiffiiurrmrf&iGipd^LD ^GudiULD G^gdgu. Qguljulj u^Gsfli—GV (heat treatment), @0/-D uSIgxt L^dfr (chrome 
plating) GurrGzrjD Gurfu rru ipd drfG$)LD (surface finish), urr&fi&flGsr gtgs)i_, Qurr&iGurr& g^gs)I Lpfildf^LD QurrfruSfl 
(general tolerances) GurrGxrtr) ppG^&GVGn Quiuf£Qprr(& ) 6fld(& ) Q gu GtfhSl gv Q&rr(fi)d&GvrrLD. 
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4. senL-&<sb §jiu[B^l!TLD (Lathe) 

^fjdlGvrrf^j / 5 /tl 1 (o&)z_<# Q&fjiT)(£ QGiirxsirnfil ldglLgw(3gd (Henry Mauds lay) <o 7 W/d Qurrf^hurrGrrf 1797 -^ld 
^G mf) LDGS)rr QgulLQld ^gdi^^gv ^lufflrrfGDp, GUL^GUG^LD^^mj. < 5 mu ^lufflrrm sj&frjry 

Q&rrGV§>)tr)rrf&Gfr. GjQiGSTGsflGb ^gdi^^gv ^lufflrrfGDp, GDGufay LDroro (ffujfSjlrrrd&GLGnd Q&iuiu (LpuyiLjLD. 
GDLDiud c 55 (o 5 )/_&gv £ 3 ) uj f ijld (Center Lathe) GiGsriryLb ^jGis)LpdaLJu(f)d)ir)^j. 

^(^uiSi—d&GViGnGn (tool post) Q gu lL (f) Gifl d (&) (cutting tool) (oT&>l[rrr&d aG$)i_uj Ggugmtlpili usmfl uQ u rr (ty&s) gtt 
( job or work) a^LpfriJGU^j^rrGir &G$)i —&gv ^LUtB^ly^^lGsr Ggugs)gv. ^-^g^gyt gul^gii (cylindrical) 
urr&rd&>GS) gull/ld ^Lb&fj&GS)GnLLfii ^(tt^gu rrd^Gu^jjj^u uujgs)iG fTGnp,rr(&) ld . <a Lp Gy ill u (a^fl uf gst Quiurf 
aLpoC (spindle). ^LDGShiSlGir iSlip_uiSlu5)GViGfTGn (chuck) UGmfl uQ u rr^GfflGsr Qllgv 2 _gt( u lSi_ rB&rfpgjLL 

Gurr&y ^jSjlGV QurrypfSjUijGfTGfT uGmfluQurry^GDGn QgulL(j))§>1jd&}I- 

Grd&rfldGinas: aGLi_aGV (^ujfSjlppSjlGV Ggugvgv Q&ilulillQ urr^j iSldlrj <s4gvgv§j 2_GS)i_fa> 2-Grrl Qpdjld&d 
(fii). iSlLpuiSluSl gv &>nLjLi typM (Sumf® u rr&yarru ipd aGmGmrrupa(G/p ld ^GmfliLirhjaGfT. &tlogoild ^lupSjjrT 
u rrardaGrfiGV dlddld Q&rrGfnGrpLL ^pufay 2_GfTGna,aGV a,GrrrrGu ggst ^ GLi_a gyt, a>G$)aaGfT ^GstflGUGnp,^ 
p>G)51 rrd&Gij ld. lljdjdlj ua&yaauLju ufirBpyGS)aaGS)GfTiLiLL iSlGSTufipjGijpy ^GudiuLb. 

&<o5)i—&<sb ^ujr5$!J<5G>l<o&r K giLS)-LJU<s6)L- Q&iuGburrQ&Grr 

&G$)l—<9 : GV (°))lU[BSjy^SjlGST <S4LpUUGS)L_ QaiLIGV U af)aGS)Gnf Q^GGfTGfT £g) f&>d GMTGGlflGS)LUU 

urrqjjfri&Grr. GpQ^QpGDjr) (LpQpGu&y ld GpiCLpu uaffay gSIlCQ) ^ffa, (LpGLfp §>Lpd&Gmi— ulp&g$)Gyt 
gpgljQgu rrGbjDrrau urrrruu&y [bgvgv^j: 

• 0:00-0:37 (Lp&d&GX) i— (£GV (facing) 

• 0:37-1:11 ^-GfrayGS)GfTufl gv 45 u ggd^uSIgv (apG$)GV LLQpd^^GV (chamfering — inside) 

• 1:11-3:00 QGUGfriG)51 lLi_ld ^gugl/ (&)G$)ir)d& 2 (LprnCf) Qgli HfaGn (outer diameter—rough cuts) 

• 3:00-3:40 GlGUGiflGfUifi—LL &)igvgCuj QgulL(j)) (outer diameter—finishing cut) 

• 3:40-4:08 gulLl_ (LpauL/ Q gli rrGsfhurf <S4GTTG)51 (dial Vernier caliper) GDGuf&y ^gugl/ GT(f)^^GV 

• 4:08-4:35 gjGmLpd^LL 2-GiflGmu (parting off tool) ^ig^ld^gv 

• 4:35-6:22 G^gdguujggst (BGrriL GDGufayu UGsdluQuGQ^GDGrrf ajGmLpDbg] GT(f)^^GV (parting off) 

• 6:22-7:00 gjGmLp^p udaiL (LpadaG$)i_a>GV — (LpyiCf) QgulLQ)) (facing—rough cut) 

• 7:00-7:30 giGmLppp udaiL (LpadaG$)i_a>GV — ^jgvgSUu QgulI (J) (facing—finishing cut) 

• 7:30-8:00 UGmfluQurrqTjGrrlGk <S 4 &,Gvd ) GS)p ) ^ gugl/G&,ijgvijgv (scale) ^Gnf^GV 

• 8:00-8:36 gjGmLppp ud&LD 2_GfT&yG$)Gmi5)GV (LpGmGV LD(Lpd(^p,GV (chamfering) 

• 8:36-9:10 gjGmLp^p ud&LD GlGUGrrlGLil lLi_ld (lpgvgv LD(Lpd(^p,GV (chamfering) 

&<o6)L-&<sb ^jiurB^lfj^^lGir (LpdShu urr&rhi&Grr 
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Ul _ LD 1 &GS)I—3GV (3fuJ[J)§)lyd)§)lGST U n&> fr] <95 GfT 

02: 2-GnfluiJi—Lb (tool post) 

03: Qguuu ^jDjfld 0 Lprnu (coolant tube): Qguuu SjlgGULD Qgul2(b)ld £g)z_<95§5)Q3 2^npgyLDnry 

&[flG)& uj uj 2-3) Giy/i) (^Lprnu 

04: c ^i_2(f) rB&rfpdjl (compound slide): s^ldli^gv (tapering) Q&iuuj ^gs)^ Q^GS)GuiunGsr G&nGSSTGbSjlGV @?0L7 iSld 
Q&rrmmGvrrLD 

05: ^)0«(o5>« (saddle): 0/£/<950 [5&fj5& 5), 3^u.(f) rB&rfpdjl, 2 _sdu lSi_ld ^S^iugsigu (gfinjGsr Qldgv 
Qurr([ijppuuLl($)GrrGYTGtr. £g)0/ ^gyt^^Igv ^gugu ndTflGV tf>& 0/A 

09: iSIgst pnr£]&>) (tail stock) 

12: &>gytlc) (lathe bed) 

13: 6)1 (rjjG&pdil (lead screw): (gjjBGsr (LpdShiu (3 gugs)gv ldgs)[t Qgu u(f ldGu nay ^(fT)dGS)3GS)UJ rB&fpgjGugjpnGsr 
18: ^GU&p rflfrjjd>gid G&rrGV (emergency stop and brake bar) 

19: ^mi_2_i _ d&LDiSl (feed rod): ldgs)j QgulL(b)gu^j 3>gS\tj ldidid (3GUGS)GV3(Gn ) d(3 > (^(i]jdGS)&GS)UJ rB^rj^§jS)jD§J 

27: Q9j /n/ arg /75<9> /j<9)^9)) (cross slide) 

32: 3>gs)GVU u(&j&) (head stock) 

36: g^GU&p fltrjjdi§j g£1gs)& (emergency stop button) 

38: iSlupuiShiflGsr&nuLi (chuck safety shield) 

39: iSl up ljiSI (chuck) 

< 9563 ) z _< j < s{j ^iur£$£lrj^Gi)<sir un&Thi&^ih ^GUTDffilGsr Q&uJ6bun®&(§rT)Lb 
UGSsfluQun(njGS)fflu iSlupd^LD &n£Gsrrhi&Gfr (work holding tools) 

• qpGSTjry prrG$)i— iSlupuiS) (three jaw chuck): un&LD 2-([T)GS)GYT gu upGU ld n& ^(r^f^nGV, ^gs)[blj 
uiLiGSTuflf^jCSGurrm. qpGSTjry pnGS)i—&(GnjLb GpQ^rd^lGDGmf^j [B&.q^Gu^nGV 2-(r^GS)GmunGsr 
ugssFI uQurr(TT)GS)Gnf pnGsrn&GGu gs)lduju uflf^l Gfljfm. 

• fin gst( 3 ) 3>nGS)L_ iSJupuiSJ (four jaw chuck): un&LD 2 -([^gs)Gyt gu upGufSjlGV ^gvgs)gv GTGsrirtnGV, 

UGSsfluQun(TT)GG)Gmj l 51 up fay nfl uj nGsr (ffufSjlGV rfGS)GvrfjryfgyGU[BJD(3) ^gs)^l2i ulUGSTuflf^Gvnm. 

• (Lp&und)3pjL(]f (faceplate): ugssFI uQ u nq^GTT <^0 G)Slf S)uj nnmnGST gu upGuffjlGV £g) 0 / 5 g/, iSlupuiShfilGV 

iSlupda (Lpupiu nQ^GsrjpnGV, pmc) iSlupd&GvnLD. 
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QGmlQGifi&ffl 


ui _ ld 2 2_6rrl <oTo°o&)6trrT(5V QGULlQGifl&m 


&>(o5)i _ <EF<sb 2 _ 6 rrl <5To°o(<3j (High Speed Steel — HSS) <o7W/d &6VU L/GGVrr&iLb &6$)i—<9 : 6V 

QgulL® (3<si/ 3535(o5)^ ^f&h&rrld&GGu ^_(i^Gurrdd)uj^j. ^p,GmrrGV Q&iup, @)<so QgulL^^^g^gyt ui_ld 2 
£g)o3 ^rrGmGvrrm. 

35 tfl<ss)LD® (Lp&s)( o$t<ef> m (carbide tips) Q&rrsmi— 2_6rrl lSI^gi^ld &Lp6mLDrr&$Tg l ]. <sy&>l& (oiGmG^dsv&uSlsv 
urr&,rd&,6X)6n 2_fDud>^] Q&ujuj d> QgulLQgi?! Qp&s)G^r&,&s)sniLiLb sy&JD&rrGzr 

iH ip_u iSl&GinmiLi ld (holder) ui_ld 3 $j<sb &rr<5m(5vrrLb. 



Ul _ LX) 3 35 fflGlTfLD® (Lp 6$) (J5T35 LD ^65/7)35(7^7 iSlLpLiiSl 35 (6TI)LD 
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2-<5ifluiJi—LC) (Toolpost): Qurrgj gu rr& /5/7w@ 2 _GrH&,GS)Gnu iSlLfj-da Gu&S^uSlQijdt&jLb. Qldgo 
6}(r)](&}(3arr(5ir>(sv£ pGnrf^S), l51 Lpu LflGsuuf ^l(^uiSl Qguth <s£ 0 2_6y flGmu QgulTQld £g)/_<90/<i0 

2_i_gst Q&rrGmQGup (LpLpiLjLb. 2_f)Lj£6) Qgugs)goiSIgo (Stb^ld G)fGmrT^rTLDG61(r^d^ £g)0/ 


^)0d5<o3)d5 (carriage) 


(njdGin&Guj f§GfTGurrd&>)Gb padptfliurra Gl<3=ujGbu(f)S)p§j. 

(Lp&d&65)\—<9^(sb (facing) QurrGsrp GGUG$)GO&(QiT>d(&}d (^gudSlGi 3 $&>$&>&> (3jfrud(£ p&f 

G^gdguuj ggst ( 3 &rrGm£ 6 )Gb &fflGurTG$r &^LDLi&Gfr& 6 X)i_a : 6 V Q&iuuj $&> 

slide). 


(cross slide), 
(compound 


&rT<sisflujrEi£) soil 1 i—ihi&m (automatic feeds) 

• p>rrGsb iu rddhiurra ^stUgsuli <$<o &)/_&go Q&iuuj 2_6y flGmu rB^ffayi-b ^nifi—d &ldiS 1 (feed rod). 

• LDGPnrr GIgulLl _ (thread cutting) S^qijG&rDff)) (lead screw). 


< 5 rrrhiGSl&m 


Lf gst sfl(5^)0= ujrrGV fjfiud&,uu(f)Lb p>GX)GVu u(3)S)hi5)GV (headstock) iSlixj-LJiSl^Gfr Qurr([]j£gi§>)(3tr)rrLb. 
Gurrfu ulTgx)l_ g^lLl^^gtt (belt drives) LDjfipj ld UGO&d&fjd) Qprri—rf&GiflGsr (gear trains) GULfihurr& &LpGO 
(3Gua,d>GS)<p>d> (Sp,GS)GuiurrGSTULp ld rrif)ir)GOmb. 

f>GmL_ urr&rdi&Grr g-pprrLDGV &rLpGO iSlGsr^rrrdjS) (tailstock) (Sp> gv> gu. 

$Gmi— QldgvqSIuj urr&rd&Gfr GUGS)GUGUGS)p,f p>(fd&, /5/7/i) 6^0 GS)LDiufp>rrrd4TlGS)UJU (steady) 
uujGSTuflfp, Ggugmt® ld. fl gs) go uj rr gst GS) LDiud>p>rnhJ^ (fixed steady), /5cS0/i) GX)LDiufp>rrrddil (moving 
steady) gtgst ffj (jp gli gs)CF><ef> gtt x> Gssrffi 

GS)GU GtftGsrfpy ld &g$)I—&go S)/zj/5^)/7^^)(o57 pGnptflGV (lathe body or bed) Q u rry^f^u u H(f)GfTGnGST. 


s 5(S5)/_<f®5 (^ujr§^rj$$m ^uj.LJU®ni—&m 

• QgUlI (J) GdGU&LD (cutting Speed) : QgUlT® (LpGViGSTuflGO /_J/70/50/<950/i) g-Glfld^LD £g)(off)/_(?//_/(7/6yT6Y7 

< 977 / 7 /-/ Ggu&ld flLSGhu (i$/i!)/_</5@J)/D0 lSlLl _ [j&>Gfr gtgsst meters per minute) = pi x D x N. £§)/5<5 

00^/765 £ 5 ) si pi = 3.14; D = UGvfl uQ u rry^GiflGST <si5)/i./_/i) /_/?/_!_/_/j?o3/ N = ^rLpoSluflGsr fl&rQiu 

^/j5)/_^^)/D0 &LpjDd)&Gi?lGir GTGmrpm). 

• &,gs)i_uju(3u rr^rn urr&LD gtgstgst Qurr^GnrTGV ^gstQ^tt^ pjf)&rrG$r GlGuif(f) Ggu&ld, 2mjHi_ld 
LDjpfrjjLD QgulL® ^LpLD &>tjGpd g$)&GujlTl^gSI 0/5^/ (Machinery’s Handbook) Gprfr5Qp(f)d&G)-i ld. 

• 3 rLpGlS)Ilf]GST 6£0 &Tlf)fr)jd( 8 } 2 _<srf) $GYTGUndS)GO tB&QTjLD fruSlQlLI (<^Lpff)d\d(^ l£iGO <sS) lSif /_[} GTGm mm/rev) 

3flfjd>G$)<3)d) &)n gst *vselLl _ ld (feed) GTGsrru Q&rTGb&lQjDrTLb. 

• UGvf uQ u rry^GiflGO ssfil u^Ul/ld ^gytgs)GU QgulI ( 5 ) ^t,Lpm (depth of cut) GTGsrSlQprrLD. 

aG$)i—&6b C qgugs)gogs)uj^ Q<$/7z_/5/0<siv<5;d0 (Lpm^uj^immm 

• U rr&,f§)lGST GU GS) IJU l fhJ 3> G$) GTT IL-I LD <$< F&rTLJ Q U [TQpGViGTHLJ LD Unff^rtGO GT LD LD TT§) jfl LI iSllXj-LJlSl (Sp>GS)GU 

GT GST fry Q^flUGUy^LD. 

• &d&rru Qurry^GiflGST ^gytgdgu u Qurry^f^i gtgugugytgli GsuHLyd (^G$)ir)d& QGUGm(f)LD gtgstjtjli 
G)&) ffhlJGU (TljLb. 
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c 55 ( o 5 )/_^ q 3 , (y}&d&6V)i—^(sv, LDGnrruflQ^GV LDj7)fQ]LC) &d&rru Qurr([Fj6ir>(5nLj Qurr(r^^§j GIgul/QIg/tI 

Q^rf^-I G&iuiu QGUGmQlLD. 

a.d&rru Q u rr^Gnsnu Qurr^^^j gtgij gu gytgli Ggu&^S^gv QgulLi— (lpl^llild, QgulL® 2 milTi_ld, 
QgulL® ^Lpw Q^rfGii Q&iuuj GgugsmQld. 

6 T /565 gu fi&n&udlGV (Sgugdgv Q&iuuj (Sgugmt^QLDG mirn (Lp^_<oiy Q&iuuj (Sgugmt®ld. 

UGrtfl uG) U rr(TT)GfT LDjfipj LD QGUL^QGrU&GnGnd (Stf&fid&GLlLb. 


QurrgjGurr&d &<s$)i—& : <sb G>6u<s$xsoQ&iimjLh Gufhss)# (Lpanjo 

• &d&rru QurrQTjGVGnu iSlixpuiShidlGV Q u rr^^^Gii ld. 

• 2-Gi?lGmu 2 _gtH u lSi_^§))gv Qurrtjp^^GpLD. 

• 2-G1?ludlGST (LpGDGST frLpGVILD ^d&r 2_lLip£6)j6V &ffiILI 7<7 £g)0<95<$G(oL/(offffL® LD. 

• 2-CJKG$)GYT &>G5)l _ &GVldc8j, <ol5)/2_Z_<95(off)0<95 (^GS)J7)d&, <oT00(off)(off7 QGULlQ&GfT (3p>GS)GU 67 GST IQ] Urrrf^g] 

G^GSrQfDfTGSTTDfT^d Q&IUIUGLILC). 

• &v>\L£)l_l <EF>GS)L _ JiFGVldf&j. <7^L2(f) /5<95/70§5 )ifilGV <9^_LDL/<95 Q^TTGm^^GV UTtS)IGS)UJ ^gl/(off)LD<950/, ^(T^GDGU 

&gt>I—< 9 : 6V (SurrGv(§Gu Qp>rri_rrGLi ld. 

• LDGS)J QGULl@G)jpif)(£, &T Lp gSUSI GST rflfrQlU &TLpif)d)&6)l?l GST GTGttT rpm) LDJ7)fY}] LD 

^1(^(3^ ip nShSlGsr rijl&rQiu 6 ff)/ _ Q)UJU-f gttgyt &ffhurrGST <si5) <© 00(^0 <95 GprrrBQpQdaGiiLb. 

• 6^0 c7(6ff)/_c76i) gttb^I^^Igst ^)0 G><95/D05) 2 ldQili (^\ rfj 06D00/<950 ldgdj 67gmt Thread Per Inch - TPI) 
^GVGVg] LD GD TJLlS] GS) l_^^JJgLD (pitch) = 12.7 l61l8 (g^(T7, ^ Thi 06D00/<950 25.4 l61l£) GTGfTligj (off)<ol/00/<95 
Q&rrGrrGGurrLD. 

• £g)00 <7(6ff)/_c76i) GTrF>@jd>@6V 1. 75 lSIlS LDG5)Jll51 G5)l 00/77JLD 2-GTTGfT LDGS)J QgUlTl_ GgUG m®LD. 

• ^)0(Sc95/d/)5) 6^0 <frjDfru frpruLD Qurr^j, £g)0<95(off)<$ 72.7 zj5)l5 (LpGsrQGsrrrdd) r5&(TTjLD. [BLDdG&rr <jy0/ 1.75 
lSIlS ldlPQGld p&fj Ggugsm®ld. gtgstGgu, &rLpoSl 6^0 (//)(Lp fripfru frififruLD Gurrgj, ^(r^Q^jfnfl t 5 LDd( 0 
1.75 / 12.7 fripry ldlLQGld ^(rjjLDLJ GgugmtQld. QLDGlGVGm ; dGlLpGm jgmtgdi^iliCSld 20 ^gv 

Q u(TT)dd>lGSTrr6V 35 / (127 x 2) d)GS)i _ d(&jLD. 

• £g)<950(off)<95(/j uS/gstld ^gugl/ (metric) LDrrtfirt^^if^rr^QGU &gt>I—< 9 : 6V ^LUtB^lprd^Gfr 127 ujp&GfT 
Q&rrGmL- uGV&d&pp&Lji—Gfr GuqTjThlGknoGsr. / 5 / 7 /i) ^)0G<95 /d//5? ud&pdilGV 127 utD&Gtr Q&rrGmi— 
UGV&d&jQ-pLD, iSIl^ljiSI ud&£6)l6V 35 utD&Gtr Q&rrGmi— UGV&d&pQ-pLD ^Gr>LDd& Ggugsm® LD. 

• < 9 ^.( 5 ) 0 si)/r<$, <9 ^.l1(5) ugvqSIgdgmtuSIgv (compoundgear), rBrnd iSIl^ljiSI ud&£6)l6V 40 up&Grr Q^rf^l 
Q&uj&lI, §?0G<9575/$ ud&£6)l6V 80 utD&Gtr Q^rf^l Q&iu&jrrGV, t5LDd( 0 2 LDi_rd(^ (SGuadt^GnpuLi 
ffi(off)/_«0/i). gtgttGgu, GpLlQQLDrrppd (^Gn/rtULi 40/80 x 35/127 = 35 / (127 x 2). 

• < Frflurrdp^GV: (°^Gr>pd &jflurrrfd&, (§LDjr)&,Gmi_Gurrru ujjo&d&prd&GnGn ^GDGm^p, iSlGsrGtrrf, 
(LpGsrp>rrrdd>lGS)UJ 6^0 (Lp(Lpd 3rff)(r)]d> ^)0 ljugl/ld . ^)0«<off)<9 5 7.75 /j5)l^ (LpGsr(§Gtfrrd/hl /5<95/j/500/7 
GiGSTUGnp, &rflurrrfd&G)-iLD. 


&gs)I—& 6V (gjiufi^lu^^lGb Q^ujujd&^upiu QGUGsxsoam 

• <$(off)/_06)3 (turning) 

• u gtt & GDI—{F>gv (step turning) 

• ld (off) ijuSl (J )0 <su (screw thread cutting) 

• gjGnGmfilQpGV (drilling): iSIgst prrr£]§>)udl6V gjpuuGmGUGVGn&u (drill bit) Qurr([]j£6)l£ ^jgdgytiiSI i_GvrrLD. 

• (Lp&,d&GS)i_p>6V (facing): ^gdi^^qSIgstGu rr^j rBrni ^rLpoShiflGST GlGULL^dlQprrLD. 

(Lp <EF>d<EF> (off )l _ 65 6)5)(oi) / 5 / 7 /i) &rLpGplu3lGST ^9/c77rc70 G)<9 : /5!/000/7<95 QgU iL^SlQfDfTLD . 
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&^ldli^gv (taper turning): ^LDip^oSld) / 5 / 7 /i) frLpoShfildr ^dd)6Cl(nj[5§j d) (so urr£$)&,&,srUd) 

Q<siv/2_@ffl(3/D/7zi). 

@<off)/_c 5 Q3 (boring) ^jgvgv^j gjsmmsmLiLJ Q u dp,rrd(^p,(5V. 

QurrGtfl^GV (knurling): <o&)<95 uidhsy 6iJ(Lgd&rrLD6Sl([i)d& QpQd^d G&rrQ&Grr Qurr(^)GU§j. 

^Gmmrr^uSldr (micrometer) <55)&>LJidhsyuS}(sb (°£) ldld rrd)l ft Q^rrpQ^rrpuurr^ (^(ipuU6$)p>u 
urrpd&GvrrLb. 

2_<oY7 LDGinrjuSlQd&iSV (internal thread cutting). 


rsdrtfil Q&pfl®ShjLi&6ir (Acknowledgements) 

• puSlLpld) c55(o5)Z_cJq3 ^)/Z_// 5^)/J (§<SLI6$)(5V Ujf)pllLI <95 nQGmrTGtfl — N. 0=GMT(Lp&,LD, QUfTf^lllShu 6V [TGrTIJ, LD§J(5(S)p 
QurrphiShud rflfruGUGmd 

• &6$)i—<9 : (5V ^LurB^pid (Center Lathe) &rrQ(5mrr(drl — urr&LD 1 — by Teach Me Tekkie 

• Gdlddl u Chpiu rr ui_rd&>m LDjpjryLb &,LC(i))6$)rr&m 
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5. QurTjfihiShuGV gu<ss)[tui—lL - $jd[ 5J5 Qp<so <s61ufjG<%LL (LibreCAD) 


@/p/565 ejDGV gFuijG&l2 Q ldgstQ u rr(TbGS)Gn 2 _uGssr(h) 16.04 (q)gv gtuulp rFpiGUGu&^i gtgsttt)i Qi£)rhiG& 

urnjd&GvrriD. (^surram Q&rrGSTGsr (l^gst^j dUi_gs)Gttdgs)Gttllild Q&rrQibibGsii—Gsr gS lufG&if 2.2.0 gs)Gu 
rflfruGfihu&jj. (Lpp,GST(Lp[bGvrTD g^lL^ldGutt^j Qmiffd ^gytgdgu (LpGS)jr)ufGV lSIlS GiGsrirg Gp,f[bGl[b(fdDGLi id. 
QmrrLfid) G^tjgFgv ^prd&lGvfGS)^ ^uuupGuj gl2 lFQgO) i_GvrriD. 

lS\gstgstttgv mrrj])jDGG)JGm(b)QLDGSTjDrrGV G^fGpLJ u lFlplugFgv Options (GppGii&Grr) -> Current Drawing 
Preferences ((ff]uGu rrG$)p>uj gugs)ttul_ GflqjjU u rd&GTT) £g)<si3 Q&GSTfru, Units (^GTTGS)G)JDGTT) gtgsttd ^^gFgv 

(LpddUu GUGS)jju i _ ^gugs)GU uSIgv (Main Drawing Unit) lSIlB (Millimeter) gtgsttt)] G^fthQ^ffld^GiiLD. £g)G<5 

gs)ijili m gv QulL upufl gv firbj&Gn <sydd)i—U Gutt^id ^TTGiflGsr ^gytgs)G)jllild, frd&Gn gugs)ttlu uGu tt^id 

u l id gu fl^G^rrif) jdldtt (orthogonal) ^gvgv§j &ld <s>t gttg 1/35 Gp n. jf tdldtt (isometric) iDifirpiD iSlGSTLiGvd 

&Ul_rd&GrrjG$T ^]GS)I_QgUgFgS)LULLIID Glbd®-I Q^LULUGVTTLD. GlDGVIID ^(JpUL/U iSlGSTGSTGSsfklSlGV 

QGUGfTGSfGYrd G&rrQ&Grm&LJ UI_ID GUGS)pLLjLD. QgUGYTGS)GTTU iSl GST GST GSsfhlSl GV <950Z_VZ_/c55 G&TT(]f&>GYTTTlbLJ l—IL _ ID 

GUGSirriu GGiJGmQQLDGsrtprrGV Options (GibfGsi&Grr) > Application Preferences (Q&lugSI <si$0L7Z_j<55 Gibf®-l&Grr) > 
Background (iSl gstgst Gssfl) Q&gsttqj ttFFFFFF gtgsttu dttto togs/ id. 

UGV GU Up GUGS)ID LJ U TTGTTTJ D> GTT Gp(LprflDGS)ID U L/ GUD&UdDTTD “<9>/_!_/ __ GST G{bjj UU (J)<550/ (snap to grid)” GlGSTTg 

Gp>rrGLi Q&iuGuibrrGV, dlFl_ ^gs)i_QgdgFgs)lu fl jGssnifd^iD (LpGsr 2_rfjDGn GDGS)Tjui_d>^lfO(D ) d> Gd,gs)G)j lu ttgst 
^jgvgFlu^gs)^ $rd]&Grr &([i)ib&)lGV Q&ttgttgtt GgugsstQld. 2_lutt if f (flip gst dlFuid (higher resolution grid) 
Gi£[jfQi£(fi)d)i£[TGV, frd&Gn ui_d>GS)p>u Qufl^rrdSlujiSlGST (zoom in) tbttgsttt&Ggu LArrpifldQ&rrGn^Lb. dppd 
&,(I] ) G)51uulFgs)i_li31gF(I] ) [b^j Snap on Grid (&L-i—^§ji—GST GTbrfuu ($)[£&}]) gtgsttt)] G^^Gp Q&LLnuGvrriD. 

(flange) gugs)[J£GV 

TbTTLD 6^0 GflGdlLbipf^Uf) U TTD>d)GS)(b GU LTj-GlJ GS) LDlb&jJ ^GS)(b LU [b&)l TTU U GSsfl LD GS) GST d r^IGS)! LJ LlGGUGSSrCh) ID 

GTGSTTjJ GS)Gud>^jd Q&TTGTtGgiJ TTID. Q & LU gSI lift GST £g) Z_0/ Ljd&f6)lGV UGV G&> rTGL/&GYT QdTTGSSTL_ <55 0(Sl5) Quiflip 
GpGSTfjTg 2_6Y7W0/. [B LD(LpGS) l_UJ G)f Gif] LDipf^Uf) GUl2l GU LSpGlJ ID. GTGStGglI 0 TTID GUlfl—d (^fpl LJ U l_d>GS)[b 

Qo=rr(f)dSl ^GS)p,f G^^gl/ Q&iljGgli rriD. [bid gu upGu gs>idljiSIgst gugs)&gs)iulj Qurripjf^j, QgugljGgijipj 

GULfl&GlflGV Gil U l _ rU D>GS)GfT GU GS) IJiLIGV fTLD. ^^GSTfTGV ^j[BD> GT(f DD rTlUfld^, TbTTLD GS) LD LU U L] GTT Gif] 

Gil pfl gs)uj G uj (Center, Point) G^pgii Q&ujGguttid. 2 _ugst DULip (^gud(^ (°^GS)Lp&GTTrr& (cross hairs) < 3 p(pG£l(fLD. 
GUGS)lJUud>S)lGV (OT/5J0 GgUGSST® GlDTT Q&TTQdS)GSTTTGV ^JTbJ(^ GUFuff)GST GS)LDLUUl_/GTTGfGS)LU 

GS)G)jd(D ) LD. LflGSTGSTj GS) LD LU gF (IT) rblp] ^piJID ^GUGL/d^ l_LD GifUf) Tb&TJ^S) GSTTTGV GU DufS) GST 

^GTTGS)G)jdDrTLF(fLD. GguQtDTTQT) ipGUGlflLlflGV QlDTT(fdSlGSTTTGV GUlLi _ ID GUGS)TTfg)J G)F(b)LD. 2_GTT G)S]lLl—^GS)^d 

DTTlFl_ ^G^ GS)LDLud>GS)(b GS)G)jd>D i jU QUTTg]GS)LDUJ GUiLl ID GStQGSTTTGSTTQJ GSI GS)TTLuGg)JGSST f)LD. ^)^/D0 

§>Lpd&GSSTI— (LpGS)JT)LlfGV DLFl_GS)GTT GU f LI Q U ULpLlf GV GDGS) TTGIJ^J G GU GS) GV GS) LU GTGtfl^rrd^LD. 
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L+ B- & 

H By Layer 


ult 


SI n B 

— By Layer 


m si q m eb 

By Layer 2 I 




unnamed document 1 


Oj 

TA- 

f -- 

f - 



_ tf 




Pen Wizard 




AT 


nfn 


5^ 


Ex 


CDj 

O 2 Points 
<3 2 PointSj Radius 
Q 3 Points 
© Cen te r P Rad i u s 
45 Tangential 2 Circles, 1 Point 
cP Tangential., 2 Points 
<S Tangential 2 Circles, Radius 
Tangential 3 Circles 



Layer List 






<=* A='r 


Library Browser 

Command line 
50,60 

Specify center 


*V •%> r?'- ^ ^ x 


-1 2.2500,1 1 9.5000 
120.1 262 < 95.8 530 £ 


-62.2500.59.5000 
S6.1 1 22 < 136.2939 £ 


if HK - . 

Specify center -jig Cancel 


SUl _£_ LD 6U<o6)[T&<SV 

ld rrff) pt) u&>, (§)55)/_(7p7)0®557 SStp ^_Grrorr 757lz_55)6y7 Gurflu Qul-L^uSIgv ymoifl&GiiflGZT 

^&&r&)§jl[j[h]&(5$)(oH&> Q&rr(h)&>&>rrsvi ld 5i/t1z_ 77 5i/55)/7/50/ 5)5 )®t7. 57®00/t)7)/7/3/_/77), 077 gs)lduj uL/GfTGifl 50,60 
^)o3 S-GrrOTTg]. 57557351/ 757l/_55)6y7 GU[?IlJ Qui^L^LSlGV £g)55)0G//7 G7(Lg)&>l ^—GTTGllfl L^L _ ITGV 

G^mujui_iGfTGiflGS)iu 55) 51 /7)0 77 . ^jG^GurrGV <^3)00/ 32 ld 2_GrrG)i?l l!/_/7q 3 (5i nil —ld 5i/55)/7/50/ 

Gift®Lb. ^Q^QurrGV 545)5)72/_0 55)07)7)/7t2/_ <^(3&> GnmiuuLiGUGrrl 2_GnGH 16 ^ rjLb Q&rrGmi _ 

51//_*4_055)0/7/77 gug5)ij(3gu rTLb. 

0 / 55 ) 5 ) 77555 ) 5)7 GUG$)IJ&)GV 

tF> Lb (Lp G$) L _ ILI 5)5)5yf)77/_/00/_i55)/_ &Lb ^ 6)75)5) GV &LD 0/7"/J0 §>IQ)JGfTGfT 57Z_!_® G$) GYT& Glfl GV 7755)/7l7//7555f)7)55)6)7 

55)51/00/ /5/7/i) 3/4/7000/4 <3 UfrSlQpfTLb 5755/77)/ 55)51/00/7) G)t5/76)t351/ fTLb. ^^QgU 0/777 ^GTTGfi) l!I—££]<£(&,L b 

G) GU Gf?! G)Tl l 2 l 00/67077 0® 5)5)57 70)/rf)5t)/ Lb 57 t 2® 0/55) 5)77) 55) 5)7 51/55)/J(7/ 351/5557® 77. 055f)(7//7757) 7555577)ffi7l® 

^TTr65 0/^/7/577)55)5)7 57 (7/7® 7) 3)75/75557® G/dGgD 51/55)/7000/ 3/4/751) 0/55)5)77)55)5)7 GUGDJIUGVrTLb. G&lU / 7 G 75 lL- 
^)557 ®0)5577)55)5)7/4 7J17/557/4 ®0® ((g) 00 351/55)51)55)17/ 575)5)0 47)051/0/ Lbjf) QjJ) /70 51/7® 

1. (Lp&)OSlGV 5^0 0/55)5)755)(7/0 3055)51/1/7/7557 £g)/_0 ®(SV 51/55)400/ 3)7)45)75)751/77. 

2. Z_5?557 7505)5) Q U lL Llj. u5l GV G)t : 557 < ^/ Modify (LbrTJDru) -> Rotate (^Lp/DgU) 5)5)07777055)00 30/75)/ Q&ILJIUGLILb. 

^/®00/ 5755)0(4 * Lptfifru 51/3)0557/7}/ 375/2.077. 5)3/7)54 51/55)/J00 0/55)5)755)(7/0 30/70G)0®00/ 545)5)/_ 5)/77. 
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3. <oi[E>8ju L-l6rr<siflG5)iu 65 )lxiu Lxrra G5)GiJ^^jd ^LpjDriiGijQ^Girrii G^/ 7 / 50 &>(T!)d& GGUGmQix. £|) 0 / 50,60 

£g)o3 2 _ 6 y TQTT G)5l6iflmi^^&>L^L 3 _&ST g5)lxuj ix^rrGm. s4G5)^d Q&rrQd&GVmx ^go( sv&jj &lLi _ GPSxsfT GurfluSlsv 50,60 

2 _ 6 nsril i_6vrrm. 

4. <s4&)(o$r i3fD(g), <oTrF>&)LJ ud&ix frLptrtiruGug] G7G5Tiru (3<95z2_0z_a (Lp^GV gjsmomiSlsiT 65)LX(ud>65)&>d ) ^(f^LtuGi^LX 
Q&rr(hj)d£) ^pGmi— rrGugj ^}G5)GfTG5)Ujd > G^rrrrmu ixrr&, 2 _ 6 rT 6 Tfi i_6vmx. 

5. ^65)&> 65)6X3)3) iSlG5TG5Tfj, 6£0 Z_/§5)(/_/ <EFIT(oYT[JLX) 6}ir)d(3)LX. £g)0 ] 3rLpjf)d G5) UJ^ g]6V®SklJLXrr& 2_6fT6rfi L_ 
6ULfl£5(ITjLX. 




Command tine 


50 r fi0 

Command: 


(5. ^65)3}LJ Gu36vGgX /£/7W0 3jj65)6H3,6fT 6XG5)!J Q 3 : LLJ UJ 65/ LX. lSl65T65TrT “Mirror (dG55TG55T3Ljp) ” <95061$(o&)(L/L7 

ulug5tuQ)^^I ^)/565 /5/7W0 3465)63 3, g^gm iSIlxulx 2 _(i])6x xd&GVJLX. 

7. l8g55tQ)lx <950oS) QuiLi^d^d Q&Gtrfru Modify (Lxrrfdgu) -> Mirror (&655r655rrrLip) G7G5ruG5)^ Gprr 

/5/7W0 3465)633,65)63114 LX G 3)465/ Q&UJg] 2_6fT6f?\ 1^65/ LX. <3/($3) §4 <95 6S5T6551316/.ILI33, (off)(51/<95<95 6£0 (3<95/7<5) G3)65)6X. 
G&jfTL-IJpGST (Lp3)6V I^GYTGllfl 6)51 Gif! LX L4^3)L^I6j_65T 65)LXUJLX 3) 17GST. 

8 . ^pGmi—rrGug] l/G rTGiflGmud> §] 6 V®ShuLxrr&£ GprrGL/ Q&iuujd <95 lLi—Ix QrF>(j)d 3 ,LX 33 , ^gvgixgvQ lUGzrjxrrGV, 

lJ)6m®LX <95 lM— 65)63 GUlfl (XpGVLX &fflUJ365T \_\636)fl65)1X1 2-636)l?l ($)&. 
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Mirroring Options 


Number of copies 

( Delete Original 
Keep Original 


A 

K 

Uv 





I ! Use current attribute 
Use current layer 
Cancel OK 





/5/7W0 &i](5$)m&<5)l?l(dT iSlLDULD 2_0(»V/T<95 0 d 5 <si) 


guild <oTlL(J)I gismorT&m &ld gif[rrp§)l<sv GUfBprrGV GTGVGvrrLD &rfliurr& ^morr^j. 



{fld 0/7770£ 5 )<si) <oTlL (/>) 




Layer List 







JuL 

w 

B 


Library Browser 
Command line 


=9/array 

si5)syflii)L/^^/_Ls!n(_ Gus$>rjr 5 s,} aStlGL/rzi). £g)<ssf) ^lursdilrju uestsflLDissnamfilsb Q&iuuju Qurr^ib 

Qff,rrLf}<sb <S)5han&ST(€J)qijd(&)& > Q^sstsuiurresr ^f<snsijs>eh QarrQids> (SsuemQLb. Tools (s>(j^e£}s><sh) -> Dimension 

(^sits y) Diametric (giS\l z / r ) glil z <f5(o5")d5d5 Cpd 5 / 7 "(oiy G )&m <^1 Co^j^ n gkkt ^11 j 1 n ^)<3^n(fy^^tTGt) 

^dG&rrGMTp&ilGV prr($G$T <si5)zJ_z_zi) ^GVGV&jj ^[tld GUGmrrrbgj ^gytglild Q&rrQ^gj gSIQIld. 


























































Sl5](5yf)LDZ_/^^zJ.L^(SW^)/(5y7(Siy <95/TZ_l(7j)c5(Si) 


LDJDfrjJLC) ^L^UGIDud <@5)<SY ^jrj(5m(^) ^Lp&T)GV^G^)(SniLILD G65/7(51/ Q&lUgJ QgUGTTI 

gFIgF LDL/d^ (SlDGV ^GUGl/ &>rTL^l _ G\)fTld. 

Q^(SS)GuujfT(Ssr <suisj-<suji)§)i<sb G^lSI^gv 

2_rd&,sh gu( oS)ijui _656ID6565 (S^gdguuj rrGsr gu l^gu rd&,Gr(GV G&Lfild& ^rjGmfj) Guyf&,GfT2_Gm(f. G&rruLi (File) > 

<oT 6 $rd G&l61 (Save As) G^rf^-I Q&iu§J dxf gul^gu^^gv G&Lfild&Gvmd. £§)/ 5<5 gul^guld ^/_!_Gz_/tG<$l 1 (AutoCAD) 
«cssflssfl 2—<3 )gF] gu l^gu gdld u ip Q & iu g 61 udl gv Sjlpd&p GprrprrGtrgj. 2000, 2004, 2007, 2012 LDprjjid 2014 
^zJ_Gz_/t( 3 <$z_!_ QGUGifludQ&^di^p Gprrprr&GLiid G&u 5 ld& (LpL^iLiLD. G&rruLi (File) > GjprjjLD^l (Export) 
uiuGiru(Tj)£&>l a^GvsflGsfid, SjlGnrrudGV urrfd&Gpid ^idd)(f)Gup(f)(£Ld GprrprrGtr jpg, png, tiff, bmp ldjd^j id svg 
GULq-Gurd&GiflGViid G&uSld&Gvmd. 
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6. &H([jj6U(sb fj£}iu[B^lrjLL (Milling machine) 

uG^sfluQurr^G^Grr 2mjlFi_ld Q&,rr(f)uu^,Gsr ^lpgvld uG^uQurr^GifloSl^f^j Qurr^GmLD^Gvp 

<^<$/D/p/(Si70/D &rr& &rLpGVi ld ^_Gf&,GS)Gnu uiuGzruQp&ijLC) ^jujtB^ljj Q^iUGVitypGDjri^rrGST 0/0517(51) ^(^ld. 

<55<o7T>Z_^(STL) (^UjfSjlrrfSllGV UGlttflLlQU /T06YT &LpGV§>ljD§J, 2-G1?lGmLJ 0<$/J00/® G/D^/A LDtTJJ)n&> 0/0517(51) 

f^ujfSjlrrfSllGV 2_Grb &LpGV&)ir)§] usssfl uQ u rr^Gnm rB&rfpgj&lGirtrrLb. Gldgvild &gv>I—<9 : gv f^ujfSjlrrfSllGV 
Qurr^j surra, Gpf gujj) (Lpoussr ^_Gf&,GS)Gnu u (UGSTuflfa^jSlGjrirrLb. LDrrtr)rr& gjqrjGUGV (^uufSllrrfSllGV 
ugvqjtgugst ^_Grrl&,GS)Gnu uujGmu@£^§^Gir)rrLb. 

fphu ^GUG) 5 lGvrrGm urr&.r^j&.GrrlGSld^fB^j Qurfliu, o^gstijo, 0 / 0 <si 7 ( 5 i) (SGUGmGV&GrrGUGinij Q&iluli (Lp LpiLi ld. 

gjGVGiShuLDrrGzr Q u rrru &>lu 5 ] gv (tolerance) rr>Gxf]u uiu&fr urr&ry&GmGrr QgulLlp^ &>uj rrrbd^m ffiu[B§)lrrLDrr&, g) 0 / 
z_flc 95 <siy/_D Q u rr&jj gu rr& U uLUGmuflf^uuflLb Q&iuGV(LpG$)ir)u 5 )GV Gp&srjrm^Lb. 

“/_J/ 70 /< 95 /TL 7 Z_/c $0 (Lfi^G)Sl l—LD (Safety First) ” . I 1 JIJfhJ&GllflGV GgUGVGV Q&lUlLILbGurr&jJ ^gl /00 
rrf^lf)&,rrGST LDjfityjLb ^f<a>u UGmfl ldgdgstuFgst urr&j&rru /_//_} uftB^jG^^G^Grru iSIgstujbii^jgu^j l£]&> 
^GuflULD. 

0/0(517(51) rrry&,Gn Qurrg]Gurr& (°))ijGm(f) gugd&u u(f ld. 2_gi?I Qa=r^j(^fa^j ^fff]GV OrLpGSTjj)rrGV ^0/ 

OcJ/57000/ 0/0(517 (51) ffj LLI ff) rjLD. 2_G1?I <9>)G1S)1 _ LDL-L _ OrLpGSTJT) ITGV ^/0/ §>lG$)L _ LDL_l _0 0/0(517(51) 

(o)<j/5/000/0 0/0S17<5i) ^jUjrB^tJLb (Vertical Milling Machine) urr&iRi&m 

1110 9 



Q 9 41(9,4,9,] 4, 9 j(jj)S)J<sb ^jiurB^IrTLD (Vertical Milling Machine) 
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By Tosaka CC BY 3.0 


gJfTfyGDIGV ^)(Z_//5^)/7^^)q3 ^rLpoSliL/LD ^§)l6V Qurr(I^^LJUL-L^(l^d(^L[) £-61fllL/LD 
^dd)6V £-6YT6rT6ST. 

1. (Lp&LJLid> gpTjjGDiGV £—Gifl (Face milling cutter) 

2. &rLpoS] (Spindle) 

3. #LpG)S] #>6S)6V 

4. §f[6m 

5. (Slogs)# 

6. (°£](njd6ti)# (Saddle) 

7. (LpLprdj#rr6V (Knee) 

8. rS4 L-4-#)pj (StrLD 

9. #Lp®Sl ^ujdd) 

10. #rLp(sS] (S6U#LDrrtp)frL]LC) utp#d#>ijid QrBLDiSl (Spindle speed gear lever) 

11. #Lp(sS\ (Sgdi## #L2(^)LJurr(^) Q^ldlSI (Spindle speed control lever) 

12. (VTGmGvxsmd, Q^rnFip 

13. (3LOGS)# 6S)#d#d#>fJLl) 

14. (Slogs)# l^l!®# (S#rrGV 

15. ^QfjdGS)##) ^rrGsfhu rddl /5«0/i) (S#rrGV (Saddle automatic moving bar) 

16. ^QfjdGS)##) ^rrGsfhu rddl rB#(ijLb #L2(^iLJurr(^i #LpfDj^l (Saddle automatic moving control dial) 

17. (°^(ri)d(5$)#d 6S)#d#d#ctid 

18. (LpLprd#rrd) GS)#d#d#[TLb 

19. (5lS)(o5)/7(5iy 6)5) 6S)# 

^ujfB^lrru uGssfl logs)G sr uSIgv ugv^jgs)#)^ S)jD6$)LD6)jrriu[ b#> ^jiu[B^]rrrd#GdGV ^j^gdigv ^(UfB^UjLD G^Gsripm^LD. 
QurrgjGurr# ^gs)gu #>lFg$)l_ (Sldjpu rru i_i#gs)gu QgdilIi—Lj uujgstuQ^^uuQFIgstjdgst. #^(p)#,Gvrr#, 
^jgs)GYTu5(^)^gv (drilling), (#fGS)i_#,GV (boring), Uff)#d#rnd Qgdil((5#>gv (gear cutting) LDjpnpj ld> (key slot) 

QgU lFl_GpLD (T^GUjf)GS)J])U UUJGSTUQ^GVfTLD. rB#([ljLC) UGSsfll2lQUrT([lj61?l 6$) (irgb^l £-(SgV fT#^GS)^ 
gu#,#)(#, 0/0<si/q3 ^iLifB^Irni) UGV(LpGS)Gsr £_6rfl#6S)6rTU uiuGsru(p)^pyflippy. 

&j](nj6Di6V £-g/H#(^U) (Milling Cutters) L5lLSj.LJUiTGiT#(^Lb 




(Lp<95/_}/_/<£ &}](rf)6ud) (EndMill) 



fimg] gu rrfjLi), &rrGfi}d&rrLq- QgulEi_u uuj6iru(f)Lb igjssflQGULLQ g-Qifl&m 


6d)6 V&t(T i)m& 61 J6)51 (Spring Collets) 6S)6ud,§j (Lp < 95/_}/_/<5 §j(ij6iJ6V 2-6rfl&6V)6tT ^jLur5^ij^^6V LSlL^dSlQ/Dmi. 



©(o5)/_/_dl1/_^ §j(nj6U6V (°£]iur5&)l[r£&)l65r 2_<srf) (Cutter for Horizontal Milling Machine) 
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&rrLq-ifil6V &n<sfil Guml® £g) ldld rr6)l ffl g-Qiflsmu &Lp®Shfil6V Qurr(r^^^jS)Qir)rrLb. 



6fi)6vd&d @(o5)/_^q 3 2_<srf? (Offset Boring Head) 

Gurr&lUu ^sug)51gv rru ugmtgugv^ (drill bit) ^svgs)<svQ iuGsrj])rrd) ^jGS)srr&,GS)mu Q u fi&>rrd&,GLi ld, 

gtj(5V60ujLDrrd&,G)-i ld Gflsvd&d @(off)z_<5<si3 2_<srf? uuj(dru(f)S)ir)^j. 

&n([jj6U(sb ^jiutB^liju LSIuj-LJunm 









G)i565)6uujn6frr urrGin&iiSlGV ^q^uiS) 6$)6ud&6iJGV6V Qurrnfld <*^/<s?r><s17 (A machine vice that can be turned to the required angle) 

Qu 0 ld u[ tgv /7w uGmfluQurrqTjL^&sn Gld&d^uSIgv Qurr^^uuL-QdrorT Qurrpld &gi®s)(siju51<sb 
iSl U(1))^(5WJ])(5XT. ‘T’ GJUj-GJ LD(^S)^UJ[TGlttfl(5mULI UUJ6ZTLJ @<5^) &§l](5X)GU6$)ILI (3 LDSlD&lfil(5V 

Q u /70 &)§] Si (3 /d rr ld . 

Guipd&umasr &urn>Gi ] gui ld (Conventional milling) qrtt)] &iirrfi<si] < 5 Vi Lt> (Climb milling) 

GULpd&LPrrGtr GiicniGiJGpidc&jLt) <5jtru &icj)6U(5Vid(&iLC) Gfil^Sjliurr&Lb Q^nmsu^j (Lpd^ltu ld. ^GujrtrrGw 

Q&I±J6V(JJ3(5VJ])(5VI±J U U UJ6MU GtTrTSV 2-Gifl^GYT LKStitiflLjQ U /T0Z_!_c95 (G^/i) 6)9(5mfT^<5VfTLD. 



u^mfluQurrq^m ^sufluSltsir JrLpnrtd^DUJ <57&}rjpgj u(j))d)nr)§j. Qurr^jGurrs 5 (Lp/j/J.® Q(SULL(B)d(s 5 

gu Lpd&>LDrr6$T ^(i^GUGrKSVu u uj (riru vml). 


e_&fl ^gjjib s>ff 



Qurr§jGUfT<%d §](f])<oi]<sv GGUGSxsoQ&iuu-iLb (LfiGtnp&m 
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0/051/51) g,gdgvu31gv 6^0 ^_<5Y fhSlupuuGGir 2 ml_i_ld Q^ldlS) 2_5i7W0/. ffjqydGn&Gnuj X, Y LofryLi) Z 
^d&r&GrrlGV 6$)&(Lp(5is)ir)Ujrr& 2 ®tlIuld Q&GQd&GVGLD. (lp^qSIgv Z ^ggt, /_®557557/7 Y^dar, 

<ef>g$)L _ d lu gg> X ^ggs)G GfGlGLLJGU&y d\fDfb§) [BGS)i_(LpGS)jr)UJ g^ld. 

0 / 051 / 5)3 ^(UfB^lrrLD $®rTGurrd§>)sv <^0/751/0/ X^yddGV Q u gg^gu gg, lSIgst ^mjiZuld Qurrym. <^0 
(LpGkGGGGddl lot) fry ld /_®557(§557/765© p&fjdf&yLD Q^ldlSI LDifiryLb (351/6565 G>u(f)uuGLY(f)d (&>u5lLp uflGh 
2MLYi_d>®s)$)d &L-® uu®£§]§>}jD&y. GS)G,(LpGS)ir)iLi ggst ^muZu^gd^gAIu lOgg ^mjlYuld ©65/7 @ 00/7 si) ©/D 00 
urruiyd dfjGSUD &yuGrfd& (Lp uyiLi ld. ^gS)ij $6mtl_ ©si//_(@65sif)s)3 £g)(/_/0§5)/7055)0 f^iud^uGuf AGGfGGGuuyid 

lSIgG ^snifl_LD 055)0)650/7). 

2_sifl6555)5i7 dGVGvd&GGttfluflGV (Arbor) iSUxpddGiDGLb. ‘V’ Guiy_GU gu rrrfu ulZgs)l_ G^uup^Gfr (belt drives) LDjfjryLD 
UGV&d&tjd) Q^Guf^GtflGG (gear trains) GULfhurr& ©si) si) © 7 / 75557 ? o5) 557 GrLpGV (§51/65055)00 Qs^G&GudQ&rDfDGUrrry 
ldg/d/dgvgld. 

dlGS)L _ LDlZl _ 0 0/05175)3 ^/L/0@/J0^S)3 Q&lLlLud&^UpUJ UGV($GUjrU 51755)65 (AGU 55) GO 65 GfT: 

• U6565 LDjffJJJ LD (LpS 5 £_5lf? UUJGGU @0§5) 65/710 Q GU lZl_GV GLD. 

• 2 _GfTGlfl_jf)jr) (shell) 2_5lfl 575570) 5j50 ^gl/65SD17)/7557 2_5lfl U (17557/6@0§5) 0/_!_55)/_ (3 LDJDU[JU L/6555)517 

QgulLi—GVgld. 

• ugv &d&yd 65 Gixp Guggstib /665650(§0/7/D0)/7) ©65/75557100650/7) s^0 2_5ifld//7) LDjnjryLD §5)0/_//_/ 

©/6/77)/00S5)i7)Si/i7) (indexingfixture) uiUGSTuffS) ugv &d&>tjih ©si//_?/_ gvgld. 

• ugv 2_Grrl&GfT Qurr^fS) 6^/©@0 0/0 si/si) QgiuiugvgiI). 

0/0517 51) ^lUrySfjfflGb /_JS)3(/0S5)657 2_6lf) UlUGGU @00/5170/751) 5£0 UGVGVldf&f £g) 51/517 51751/ 175? 17? GTGGfTy 
tlIi—Ld Q&mf)d& (§ 5175557 ®/©. ^ggggv QgulL® ^Lpm <ggguggv £g)(/_/0§5?/7/7) GuggvGgu g>ggst. 

Q u rrgy gu rr&d ©55)/_/7)/J_/_0 0/0 51 / 51 ) (§si/55)sd©6 : (L((i//7) gu if 55)6 r (LpGnjr): 

• ©Sl//©@/7) (35176500/(5500 0000517/70)/ d GVGVd&GGttfl GrLpGlS) Llfl GST (§517(55055)0 &fl © &IL1ILI 51/(7). 

• ©517/© @17) ^10650/65 00 0000517/70)/ ©6737000/ ^©55) &&fl Q GLLJ LLI Glj LD. 

• 5£0 UGVGVldt&f 5751/51751751/ IT??/© 2MuZl_LD (§055)S17(§(U/7 ^0/7)065 0000/7/D (SlJ/751) f)GYTGU Gddl GV 
(3(7) 55) 67(5? 557 (§517(55055)00 (§0/751/©6717 (17 51/(7). 

©6757000/0 0/051751) g)(170^/70^5)3 Q&lUUjd^UpUJ UGvQgUTU 51755)65 (351755)51)655)77 

• (Lp&>(o!GUL-L(J)I ^_5lfl (LpGVLD 65/71^.65(50/7), 6 r /75lS/_7U/755)065(50/i) QgUlLuGVGLD. 

• U«65 LDfryLC) (Lf)6 5 2_5lfl UUJGSTU (fffl U 6565/5765 55) 517 QgUlLuGVGLD. 

• T’ 517/0517 (T max) 2_5lfl UUJGSTU(f)f6)l 0/J_55)/_ Gwifu rru L_l&GS)GfT GIgu lL l _ GVGLD. 

tjsdrtSl Q&tfhsfluLi&M (Acknowledgements) 

• 0/j5)/^51) 0/051751) (ffiufflrr (SgUGDGV Ujf)f)hlJ 65 /7(o) 5557/75lfl — TV. 6 r 5557(/p65/i), Q UrrjjfllfuJGVrrGfTf, LD0/55)/7 
Q u rrjrfuf in gv fl try gu gstld 

• GiflddlLJLfILj-lLIG Ul lU<EF>Gfr LDjfffy LC) &lf(j)lG$)jJ&GfT 


37 







7 . sup’LDL-i&iSfr, Qurr(n)dgn'iam ilid^jll Qurrgjgl&m (Limits, Fits and 

Tolerances) 

18 ^ld ^ftfdprrGSSTLpifi^ (LpGSTGsrrr, &duurrd§>)&Gfr (SurrGsrjr) (SurTGrTGi) 2_if)u£6?l Q&iup (massproduction) 
apijGdl&Qnmd i_ GSi&GfilGsiGSTtGTjrj&Grr gpgijQgu rrGSTjr)rr&^ &purrr?l£§] £g) gs)G ssrd>p>Gsrrr. a^juu rrddludGST 6£0 
urr&LD LDrrfdjD (Sgugsstlp^ (Sp>GS)Gu u u L^i_rrGV (Lp(Lgd> &^u urrddlGS)UJLLiLb u(Lg>§jurrrfd(^Lb GS)&,G)5lGS)GST((op(i] ) d(^ 
^IGS)ILJU (SGUGm(p)Lb. ^JGVGV^J ^jGS)3)d GS)&G)5} L-® LDjf) QjprTQT) L/SflU ^JLIUnddllLinGV LDrrfOJD (Sgugmt^ld. 
LDtTjfijT) LD GT^JGl^LD Q&UJUJfTLDGV <S£0 0/ LIUnd fflttS GST UfT^LD LDjf ®/D(T0 0/ LIUnddlifilGV ^JLJULpCSuJ 
£)z_j/T0 00/70/. 

18 LDtpruLD 19 ^ld ^ftjfjprrGSSTLpGV uffLDrrtfiir)(£(£d& urr&rdi&m (interchangeableparts) &purr(fld(&)Lb 
gli Lj51(LpGS)jr)&GrT uLpuuLpiurr&> 2_(ipGurrd&uu l_i_gst. urflLDrrifijDL5(5d& U rr&rd&Gn jj>uj rrrf li iSlGVj^rrGsr 
6urrLDLi&srT, Qurrqjijjzjzrfi&Gfr LDifriJLb QurririjSf&Grr (SurrGsrp <95000/0<$<95<ar GUGrTfddhuGS)i—tB^Gsr. 

^ujfB^Irru UGSsfl ldgs)gstu31gv GpQT) urT3,d)G$)p> 50 lSIlS <s*JGTTG fi )gv £F>Lun[j Q&iuiud Q&rrGtrGxrrrGV gvqS)ujld rr&>d 

(pjp) u iSU^l_ 50 lS)l8 gttg)5}gv Q&iuili (LpLpiu rrgd. ^ GsrrrGV (S ldgvgu [lld 6^) u ll/ ld (upper limit) dLpGLi tJLDGS) u ll/ ld 

(lower limit) Q&rr®(£j£rrGV^GiJjfiT)jd§>)GS)i—ifilGV GUQ^LDrripj Q&ujuj (LpupiLjLD. £g)00 (Sldgvgu rrmL/d^Lb 
dLpGurrLDLid^Lb ^gs)i_u31gv 2 _gttgtt (SGUjrpu rrL^GS)i_u Qurrrjj^l (tolerance) gigstitu Q^rTGcdlCSfomd. 

Qj<ss)<stfsru-iu) urT&rEi&<gnjd(9j g)a>£_tt®<su Q-m<sfT Qtpjd&Li) ^<sb<so§j ^mpGi/ 

6^0 ^(UfB^Irr urr&LD LDifQiprT 0 (^lurBSfrr u rr&(£&jj i—Gsr ^ gs)gsstujCSg)j Gssr(fi) ld rr GsrrrGV £g)£ tgsst( J) u rr&rfi&GrflGST 
^GYTGl(LT(GTF)LD (LpdSlUJ LD rTGSTGS)GU. GjQGSTGSTjDTTGV GS)GU £g) GS)GSSTLJiSlGST £g) LUGVGS)U 0 <§> fJLDUGsfldSiGSTJJ)GST. £g)0 
(C^jGS)GSSTLLILD /_J/T<95/37<95(60<$0 ^GS)I_u31gV £_GfTGTT (^jngjd&LD ^jGVGV^J 0 GTTtJG)S1 GST ^GfTGS)G)JU ©Z_J/T000/i) (fit) 

GiGsrdlCSjrirrLb. ^gijgij rripj £g) GS)GssriLjLb urr&rfi&Grr Qurr^rBgjGuSClGV (jl pGsrru Q u rr&j gu ttgst gugs)&&gtt 2 -Gttgttgst: 



gSfTtjnjg, QU<1 (fT)^&j,LD 



£S55T® 


^fflDfiUjLDfrjDjDij QuiT0 ££LC 


i 

jsj » sfiy&fr 








QuiT035^ll 


(ip6577jy <51/65)<95LV 0/_/fT(77j<$<f5/5V<956rr 
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• 45GtT!jrB&> QurTQf^Lb (Clearancefit): urr&rd&G$)Gn ^G^)Gmd(^LD Qurr§j 6 ju(Su rr^jGm 

£g)<off>z_£)<oi/<oYf? ^)0/5^/7 q3 porrfrBp Qurr^^^LD. ^GnrftB^ Qu /T00000/<950 GiQp&jd&rrLb® 
&rLp6V p>Gm(f)Lb (shaft) prrrddliLiLb (bearing), g$) i—Q gu gi?I ^0/50/tq30/7W &LpGV ^Gm(f) prrrddidtQGfr 

SrLpGV (LpLCj-lLI LD. 

• Qlgyd&u Qunq]jdi{£>Lh (Interferencefit): u rr&,rd&,GS)Gn ^GDGmd^m Gurrgj 6iu(Surr^jGm 

(°£jfr)jd&LDrr& £§)0/7>0/tq3 ^jrud^u Qurr^^^LD. ^jrjjd^Lj Qu /T00000/<$0 <5r(f)£§jd&rrLL(f) 
^(TT)(LpGS)GSTUjrrGSsfl (dowelpin), ^jrud&u Qurr(fpd>p>Lb ^(jpf^rrGV^rrGST ^(i)(jpGS)Gnuj rrGSsflGS)UJ 
^3gLgd>S)} GjfifilG^rrrGV ^irgfluj rr&u iSlL^^^jd Q^rrsh(srF,Lb. 

• r£l<ssxsOLDrrfDfDU Qurr(r^^Lb (Transitionfit): (rfpGm® urr&rhj&Ginm ^j^msmd^Lb Gurrgj 

£g)(o&)/_®<si/6yfl(iyz_D ^GVGvrrLDGV Lf&GpLb (°£jfr)]d&LDrr&6)-iLb ^GVGvmDGV ^(f^f^rrGV ^0/ filGVGVLDrrppu 
Qurr([Fj£pLb. filGmGVLDrrppu Qu/T 00000/<$0 Gi(f)£gjd&rrLL(f) a^Giiddsb (door hinge), £g)0/ l61& 
(°£jfr)jd&LDrr&6)-iLb £g)0<$<$« &^i_rrg] ^Gnft5§jLb (°fi([Fjd&d <^_z_/70/. 

£g)/i) ld rrd)f Qurr(g)d><3)fh]3,6$)(md (& ) pfd&> rrsm® GULjf&m ^guguost. G^GGTfrp g J jGG)GfT^LpuuGG)L_ (hole basis) 
LDjDjDg] ^Gm(f) ^LpuU6X)i_ujrr(3)Lb (shaft basis). GULpd&LDrr& rru ugmtgugv^ (drill bit) ULUGsruflffl 

& t ]6&<5nifb(f)§>)(3ir)rrLb. ^jGDGUGsnud diju(fd>p>Gb ^GV(&) (reaming tool) ULUGsruflffl 

drfu(f)^§jd)Qir)rrLb. ^puuGmG)JGV(£&((snjLb ^js^nsns^iud dju(flfp,GV ^GV(^&,(G/r,Lb (Lp(Lg lSIlS ^GtTGij&GiflGb 
ldlLQGld d>)(5X)i_dd>i6$Tj]r)6$T. gtggtGgu ^jg^gyt^g^gyt (J-pQf liTlB ^GUGii^GiflGV ldi^QGld Q&iliuj GfiLKsviLD. 
ld rrjr) rra,, p>Gm(fa,GS)Grr pm! &git>I—<9 : gv ^ujfflrrfflGV p>iurrrr Q&iuGu^rrGV [Brnd^f (3p,GS)GuujrrGST Gifp, 

^GHGl^d^LD GTGrfl^lGV U U (h) fp>GV md. ^jd&, rTJGmffl GGTrTGV, p>GMT(f) LpU UGS)L_ (LpGS)JJT)GS)UJG)f L_ gJG$)GYT 

^ Lpu UGS)L_ (LpGS)JJT)(2uJ LfnGpLD LJ [JGU GV tT<H> LJ U (UGSTU (ffp,U U (f) 

Quirny^&Gfiok £&ijGiJ<s®&&m (Grades of Tolerance) 


UGSTGSTmlQu Qurrrrjjd) (International Tolerance — IT) g>rjGi]G$)&&GhISO 286 £g)o3 GiJGVijujrgjd&uuLdffGfTGiTGST. 
QurrrpjSjjasfdr &pjGUGis)&&GrT 18 — IT01, ITO, IT1 (Lpp>GV 1T16 GUGinrr. ^gdgu g^GVoShufflGW ^GrTGiid(^ 

6^0 ^POl^POllUfT^Lb. 

• IT01, ITO, IT1 (Lp06i) IT4 gugfuj: f5(Lg>Gp LDrrGsfl&Gn (slip guages), Q&Qp dl ld rrG$fl&m (ping gauges) 
Gurrdrjn ^gugli LDrrG$I&,GfT LDfirjjLb ^snG)f(f)Lb &(n ) G)f&,(Gn ) d&,rrGGT Q u rrjrufl&,GfT. 

• IT5 (Lpp>(sb IT7 gu 6S) j: gjjGVoShu Q u rrpluSl uj gv (Sgug^gv^g/tIgv Qurrrp&l&GfT. 

• IT8 (Lpp>6V ITl l Gu&nrr: Qurrgjj QurrphifkuGV (Sgug^gv^g/tIgv Qurrru^l^Gh. 

• IT 12 (Lpp>6V IT 14 Gu&nrr: p>&,i^(f)(36vrr&, (Sgugdgv ^gvgv§j ^(LpfdHiu G6U6$)6vd(£ 

Qurrfijj6)&<ofr. 

• ITl5 (Lpp>d) IT 16 Gu&nrr: ^_(r^dd)Gurrrf^GV, Gif gu rmj QgulTi_gv (Surr&frjr) Qo=i±JGV(jpGG)jp&(Gtyd(&) 
Qurrjru6)&Gfr. 
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Qu.rrvryjs) (IT) 



t 





II 


'^fty-ULKSsti— Qs upf urr 

(A-ZC) 



r 


(a-ze) 






^<S»a7(§) 


m 


a 


^/lifUTLf-S5>l_ ^■S7'a| 




zc 




zc 


^ii|_our-S5>L ^/-arsif 


(oUrjLDI_l LDfDjrULC) G)/_J/T06565/i) £ljr$6V)6V ^6V)LDUl_/ 

Ul Z_D 6 ULpd&LDrT6VT 6UCTLDL-I LDjf)jr}]LC) QurT^^LD ^6V)LDLIiSl6VT 6U6V) !JU l_d>6V)3)d <95 ml® §>ltZ)g]. ££]&>]6V 18 

3)fj[hja,6rrrra,u QurrfruSUifil6vr <s86yt6li IT 6jgvt Gldjd&gmti—Gij rrnri] d)ir)^j. 676m <sy&>l&LDrr6vrrr6V 

Qurrru^uSlGvr <si//7/i)/-//i) §]6V)6nd&rr6vr ^ Lij.u ugv)l_ (SGujryu rr(f)&,6n A (Lp^6V ZC 6U6V)rr 25 

iSlfl6±i&6nrr&, Qurfliu 6i(Lp^^j&,6nrr6V (§ir%d&LJu®d)6VTtr)6VT. ^Q^Qurr6V, &>6m(f)d&,rr6 VT^l^uugv)l_ 
GGUfriJurrQ&Grr a (Lp&>6V zc Guonrr 25 iSlrfl6)-i&6rTrr& d)ir)Qp(Lg)£§]&6rTrr6V (§ir%d&LJU(jf)§>l6ifrjD(5VT. 

6UfJLDLj LbjDjQJlh QUrT(l])di££{5§jd(&j <o7®^^/65d5/7Z_L(J): 50H6/g5 

§]6V)6TT LDJDfrULD ^6mLIj.6Vr QUILIF6TT6)-I 50 lC. I_S ^(^LD. H 6T6VTUgJ §]6V)6YT ^L^UU6V) Z_o5) 6V[T6VT GgU IQJ U rr(f) 
6U6V)&>. ^&>6VT ^LIj_UU6V)L_ ($6U IT)t] U rr(f) L^ddiULD ^(^LD. &jj6V)6fTd(&j QU[TgU £ 5 ) ll5l6VT ^IJLDfT6VT§J IT6. 
(^G&)(3urT6V g 676vrug] &>6Mr(f) ^Lij_uU6v)i_u5l6vrr6vr Ggujt}] u rr(f) gugv) <95. ^^,gvt ^Lij_u ugv)l_ GGuruurrQf) 
6iS)lrrLD 6i6m ^(^ld. <s8prr6ug] (^]&>6 vt ^sugi/ Quiurr6n6)5l6vrr6vr ^mG^d^d (§6V)ir)6urr6vr§]. LDtpruLD 
Qurrru^uSlGvr <ef>ijld[tgvt^j IT5. 

rBGSTjfil QpfflQShjLi&m (Acknowledgements) 

• 6)51dSl u lSl^uj rr &LC(f)6V)rr&,6n 

• Brief overview of design and manufacturing - ME, IIT Kharagpur 
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8. 2 -G<sorr& Qsu 


Zp<souQurT(njLs3i<QnjL£>, Qgijl QgulL® 

Geuaihia^LC) 


a_(3<so/r«S5 QgulLi—go QpGVuQurrqijLL&m 

GUnrjULI ^)0IX)L/ LD/D/p/LD 67o°o0: <o7o°o0 G)/_J/T0l1 <55617 £g)0/i)Z_/ LDppj LD LDLD UJ GU p pi G5T 

&,gvg5)guili rr^LD. Gurrrrui_i £g) 0 /i)z_/ LDppj ld gto 0 o (g ^gs)u(§uj lSI&lj Qurfhu (3Gupjurr(f) &>$\ld 

Q—GjfrorTi _ dsu-bpnGsr. GurrrruLj ^(^ldiSIgv 1.7 Gd(Lpd&rr(f) (LppGV 4.5 GfftLgd&rrQf gugmij& rflLDLD £|)0<950/i). 

(oTo°odl(dr &>$\ld ^-GrrGrrud&Lb .05 (sfiltLgd&rr® (LppGV 1.5 ^(Lgd&rr® GUGmrjpTTG&r. 

<S5 fflLD <5Too(&j (Plain Carbon Steel) : £g) 0 /i)/_/ LDppj ld arflLDm ^pdujGupplGsr &,GVG5)GuiuGV6vrrp QurrqTjLL&GrmGV 
£g)/ 5<5 GUG5)& ^GSTGDGU. GU p (fil 6V & fflLD 2_6fTGfTI_d&fG5)p ^t^l^fflpprTGV fGfT pGSTGDLD (ductility) (^GVpdlp&jJ. 
^gy (olLofld <55 (pjplufuLpGST&G5)i_dl (°f]rrGm(f) (ffGvd&rd&Grr <^0 GfiltLgd&rr® LjGfTGdiiflGST ^ffpirfGV 2 _gttgtt udj(^ 

< 55 jflLD 2-<oh(5rTi—d&p(5is)pd (^fluLSlfjfdlGirpGsr. 6T(jfp§jd&rrLli—rr&, 1018 gto°o(^ 0.18 GfiltLgd&rr® artlm 
2_6YT6rri_d&Lb Q&rrsmi—gj. 

(&j6S)p &fflLD 67o°o0; Qurr§jGurr& 0.04% (LppGV 0.30% artlm 2_6fTGfTi_d&Lb Q&rrsmi—gj. (gfjpGir GUGmfl&u Quiurr 
fjffdliLirrGdGV Qldgst gto°o(^ (mildsteel) LDppj ld <sjQ LDfd&rrGdlGV (g^Gmds 5 QgulL® <oTo°o 0 (free-cuttingsteel). 
(ffg>J <Sjd!& QF5rrpjthi 0 pssT&mD (brittleness) Q&rrGmugjLb <sjgvgv, <sy6)s 5 fsh <ef>G 5TG5)LD Q&rrGmi—gjLD <S4<d)sv. 

l£I&} &tflLD 67000; Qun&jj gu n&> afilLD gutj ldl/ 0.31% (Lppsv 0.60% gugdsj ^GfTsrrpy LDppj ld LDrd&Gsf&r 
2_mmi_d&Lb .060% (Lppsv 1.65% gugdj ^(ipd^LD. £g)0/ (^G5)p &flL£> 6 To°o(^gs)Gu g61l_ gugvigu rrGsr^i. ^gstggv 

2_(TT)G)Jrrd&, Upp6$)Gud& LDppjLD QgUlIu uSI^GC/LD &LpG5TLDrTG5Tg > J. (°f)GUGU65)S 5 <6To°o0<5561T GULpd&LDn& 

^Lyssruu(f)pp6V (hardening) LDppjLD pG5T65)LDiurrd&6V (tempering) Gurr&frp Qguljulj upGsfh_GV (heat 
treatment) Q&iugj uujGSTufffpuuffdGsrpGST. 

<glG)l GjflLD 67o°O0: “arfll-D <oTo°o0” GTGSTpj <SJG5)Lpd&U uflLD 0.61% (LppGV 1.50% GUGDg &>(( LDLD 

G)<55 fTGm(f)GTTGTT&y. £g)0/ Q GU lLuGIJ LD, GUG5)GYTd^GljLD LDppjLD U ppG5)GU d&Glj LD uSl&GpLD &LpG5TLDfTG5T§J. 

Qguljulj upGsfluGV Q&iuprrGV uSl&GijLb &L£j-G5TLDn&Gij ld LDppj ld Q[Brrpjrd(^ p>g3tg$)ld Q&rrGmuprra, gl/ld 

^Slp^l. 

<55(5U/_}/_/CS(50/7<55 67000/ (Q)G$)GU £g)0/i)Z_/ LDppjLD &>((LDLD pGifllJ tfld&GV, (p)Q)fjrrLlflLULD, LDrrrd&Gsf&r (SurTGSTp 
2_(SGvrr&,rd&,GfT &,GvrBp>G$)Gu. (ffGupGS)pd &,gvu up&h GrBrrd&LD L/prflGinGV ^iUGVi_i&,GS)Gn Gldldu^p^jgu^jld 
2 -pud)S) (LpGS)p&>GS)GfT GTGuflprrd 0(51/0/z_D/70/i). QldldulIu guqSIgdld (toughness), (gfj(Lg gug61g$)ld (tensile 
strength), &>LpG$TLD rrd 0 ld p>g3tgs)LD (hardenability), fBgtt p>gstg$)LD LDppj ld Gpiu LDrrGST GT§)lrjui_i (wear resistance) 
^tfdlUJG^GU L_lprflG$)6V (°flUGVL_l&GrrlGV S4l—td(&)Lb. 

^/0/JLS?£yL<95<S5/7^ 67000/ QuUJfflGV 0 ^ LJ Z_5) (flGU^jQufTGV £g) d>&> GUGS)&> GTo^^^GfTG^LldlQujppLb (oxidation) 
LDppjLD iSlp gugs)& ^fluG^u gt 6)fjd 0 ld npj guL pGUG$)LDd&uu lL®G fTGrTGzr. ^GupplGV (^GprruShuLD 
&G&sfl&LDrr& G&dd&LJULLtjfGrrGrT&jj. 

^)0££)L/ ^IGVGVrrp Q_G<S0rT&rhl&GfT LDppj LD 2-(S60rT&d&6DG5)GU&GrT ^IGVI l 6) G$fhu LD, pfTLlS] fJLD, LDppj LD 

QLDdGTsfdhULD ^GUpplGV (LpdSlUJLDrTGSTGDGU. ^jGS)GU (IT) LDGS)UG)f l GtS) <SS)60 2-lLIrjr5p6$)GU GTGtifl65)1 LD 2_Ujj 

Qguuuld LDppjLD lS1g 5T & i—pgjp&)p65r, (§65)pGU rrG5T urfpS), LDppj ld 6T Gifl &> n G5T l/ G5)65TGij (ease of fabrication) 

^dliuGupplGST 3,mj6mLDrr3, (LpddliuLDrr gst uujGsrurr(f&,G5)Gnd Q^rrGmLpd^ddlGsrpGST. 

a_C?6U/7<S5 QgUlLI—GV QgUL (Jf 61 ?l& 6 fr 
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1940 aGu guguj afilLD gjo°o(^ QGuHQGtflaQGu uluguuQ^^ljuHi—GU. ^pGurrH QguHQld QGuafGua, 

^Qlaff^rTGV <S4&>j&LC) 0 ) /_/T0/i)Gz_J/70/ aLpGud><3)6UGS)LDGS)lU Lp[Bgi]6)5](hj)Lb. ^c£G<S17 ^QlaLD (&t, l _ FTGSTUGO ILD 

aLpGuf^GUGDLDGDUJ LpdarTO, aGVU L/GgO Ua <oTo°o0 2_0<517/7<$<95L7 UGV (LpUJlf)daGU GTQdaULlHl—GU. 

(T^Gufpl&u gFgdgugu rra ldugSI u lpguld, i_r4]Grvi_&b LDtprgjLD gS/j/r lSHuld Garr^gj Q^HQ^ffl <oTo°o(&j ^jgvgv^j 
^ l^lQsus 5 <5To°o(&j (High Speed Steel — HSS) 2 _ 0 < 5 i/ rrdauuHi—gj. ^gujt)GS) jr) Garru ua>Gb yoGOLD 63-65 rjrrdQGUGb 
aiGj-GU ^iGUGpd^ Guf§jG)51QLb. £g) 0 / ugvGgutu GUGnaiurrGU QguHQG tflaGrr &purrfidau uiuGuuQdljDUjj- 

anrjGnuQ <s>J6V6V&y i_rd®rvi_&ST arrpGnuQ gtguu^j i—rdd®vi_Gk LDjprrp ld afflLD ^ Gmi d&sd&h &ld 
uuaHaGS)Gud QarrGmisyypdi^LD < 5^0 £g )rjarriuGud a gvgs)Gu ^§/,0ld. ^o,g3t uSla ,S4 Lpu ugdi_uj ugu 

gu LpGufQlGO arrmuGO fljD jryGm&yaGnrra ^(ipd^H. ^guugv ^]gs)&) dl Hl _ HaHi. _ gv (sintering) ^l^gold 

G<5)GS)6UUJ GGST GU LGj.GU HaGtfl GO 2_0(517/T«ffl Q GU HQ Gff]a(6rF>d(&)U UUJGUUQ^^GVfTLD. ^GufjprTGV Q6UHQGtfl 

6To°o(3j (HSS) 2 - 6 i?laGS) 6 nd arrH l^gvild ^jQa Qgu u u flGS)GOGmuf ^uHaopuj-LL/Lb. G^ujQgu^UjHlild (abrasion 
resistance) sySyl&H. 

QguHQ G>6iiaLfj, ssniLt—iL ldjd^]ld QguHQ ^ifiLL (Cutting Speed, Feed, and Depth of cut) 

a>65)i a go ^LutB^lpLD, 0 / 0 ( 5 i/q3 (°() iu pd) rrm Qui tguit) 2 _G> 6 orraLb QguHQld (^uj rB&lrrrdaGTflsv 

^Qau u Lpuj ugst GGuaH gs)gu^ugv Qgu HQgF G)516S)jg)51(3gv(3iu LD(Lg>Hd)G)5lQLb, ^Qpgli GjQuQfpy ld 

LDJDfrULD Qa,pldadax(f)Li). ^GS)GU ^GUGuf^JLD ^LJ00/7W flGDGVGDLDaiGpd^ <517 7^5) (517 0 « 0 /i). 

uGmfluQurrpfjGu LDfrrp ld ^_Gtfla(Gr^d(^ 2_rrhu afhuuGu GGuafGna>u uluguuQ^^Iguugv 2-GiflifilGu ^il/gu 
LDjDfrjjLC) uGtffluQurrpijGrrl&u GldQu rru ipd dr}GS)LDGS)iuu QufpyLD ^6)arfldaGvrrLD. LDu/pua uSlad^GntprBGb 
GgUO>LD Gfi (51700 IT 6V GtBPLD <S1?<53377T0LD LDJpfQ] LD £g) ILI p^S^GST ^4) U d)S) d)S) U) G$T (^G^fDlLj LD. 

£g)/50 G/5/7 ^jLpuGDU <syaipriiLb QurrqjjHQ gto°o (g LDjpjTg ld QgulLQgi?! g-tpu^d) flruGUGurdjaGu^puiuf^j 
Garra>6S)Gu Qaiugj ufflt5^jGS)pd(^LD Qgu HQ) Gfia>rda&s)Gmj uujgstuQ fa, gould. GT4,Qfjd> Q^rr^Q 
GS)a(Suj iHl^gv (Machinery’s Handbook) ugvQgutu (ypsvuQ u uqjjHaiGipdyijLb Qgu lLQ)g/t1 GUGnad^m Qgu HQ) 
(§GUaLD, tHI—LD LDJPjrgLD QguHQ ^XjjLpLD atTGGUGVULD. GTQ^^jdauHl—Ua ^)/50 
^GS)Gmiua,GufQ)GV §>Lpda6mi _ Q^rfGiiaGS)Gud QaiuiLiHaGu: 

1 . ^ gugs ) (517 UJ go 0 (Unit of Measure): l£I. lS. 

2. QaiuuGttfl (Operation): aGDi_UGV 

3. UGrtfluQurryfjGYT (Material): (°^6mda QguHQ <oTo°o 0 ^igvgv^j Qldgu gto°o (0 (Free Cutting Steel or Mild 
Steel) 

4. QguHQgttI: arrpGnuQ (Carbide) 

5. UGrnfluQurrpfjGrfl&u gFHi_ld: 50 

6. QguHQ (LpGDGuaGfT gtggu: 1 

iSIgu aGmddlQ Gj&ujrg QauQddlGuuGV §>Lpda6mi—Guir)GS)ir)d aGmddHQd QauQd(^H: 

• QguHQ QGuaH (Cutting Speed): 274 m/min 

• aLpoSl CvGuaLb (Spindle Speed): 1740 RPM 

• z_S Idrj LKGfi) (Chip Load): 0.838 mm/rev 

• 2 MjHQ ( 5 i? 0 /i) (Feed Rate): 1462 mm/min 

(T^GuQiHgV HldfJ U(GTF)GDGU QguHQgtH (LfiGS)GUaGtflGU GlGSUGrtfldGDaiLI 176V (517000/7OL) QguHQ ^LpLD 

d)GS)i—d(^Lb. 
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Speeds St Feeds 


Unit of Measure 

Inch * Millimeter 

Operation 

Turning ▼ 


Material 

Steel - Free Machining t 

Cutter Material 

HSS * Carbide 

Cutting Speed 

274 

m/min [244-305 m/min) 

Work Piece Diameter 

50 

mm 

Spindle Speed 

1000 RPM Machine Max 

1000 

Cutting Edges 

i 


Chip Load 

0.838 

mm/ rev (0.1 52- T. 524 mm/rev) 

Feed Rate 

&38 mm/min 

Calculate 


r3<o&T(5l Qpifl<sfihjLi&<sfr (Acknowledgements) 

• G^dSluiSi^iurr &LL(i))(5ir>F&<orr 
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9. <sQttV<95 (CNC) 

<oj<oir&Qiua <o\$^\j\h (S^<5JS)<5ULu®Sjp^j? 

(o$?l (oTGMTG^fl ld &l!® ilium!® (Computer Numerically Controlled) <5J[B®rrrlj,(GS)GnGB ^lNIl^Igv &(i]jd&LDrr&d 
&,Quj& <5TtF>d)l uld m&srjrp &?>\jr) gv rr 1. ^qiju 1 urnGm ^jgvgv^j (yiuu ftmrr6md)6)6V Id&GvrrGsr GUGDGUfBp, 
guL pG)51uj gv urr&rdj&GmQrr 2_($Gvrr&,l QgulLQ)ld ^ujrB&hrrrl&GfT g l^gviI rrd^Guay lSI&gl/lc) &Lj.Gml 

LDtpruLD Q&gvgu rr(&)Lb. £g) ldld rr^ljfl ($GJG$)Gvd(j)U Qurr^jGurr&, QGJLl®GTrhilGih ^ujdj,rl&,GS)Gnd 

&lCQ)ljuQ)£ 5£5 d)d&6VU6$r GULfiu-iru&U&Gn (jigs) (Sj^gdgiju u®l. (SldgviI GJGmGsUdGS)&,ulGV urr&Nj&m 

Q&iuu-iil (Surrgj g]GV®SluJLDrr&G)-iLb (^^jdhu Q urrcjhdl uIgviI (close tolerances) Q&ujgu§j ^Lyssrl. ^j&s)GU 
p>G)Slrr ^iud&,fl(GV(GvrrLDGV <5/rssft ujNjS)uj rrs, (Sgugs)gv Q&ujujGipl ^-fDud>®d> ®jt)gs)gstu Quypd&Gijl &Quj& 
^ujtB^lrjNj^Grr (^GfrrflujG&mujrrpGinGiJ. 2_GVJ>GnrrG)luj &rBG$)&pillGV (SumlLpulLl® spuu iShsyda, 

&Quj&> (^lli[B& llrrrd&GrT GS)Gud>^] 2-fDud>®d> ^jbgdgstli 1 (^rudluj Q urryfj&H&nuJLil ^onuGiJjy 

^ (Go d uj ld rrdl G)S1 ill _ ay. ^GujDf^lGir dlpuLi ^il^Nj^GiiflGV (ppddl uj lditg^tg^gu GflGv&uQurrfl&^Lb (^Gm®d> 

S^q^t&jLD (ball screw), ^gujdg^jdlj utpdil (Lp^oSlGV urrrhlGuml. 



QShsm&uQurTifil&m 


<95®(Z_/<95 0/0 (517 SI) (oTtB^lfJLD 


lC&stQ urrplji&nm g^ugI il® rfirrupS^GtrrrGV 2_/50/ < 3 <517 <$<95 §5) si) Q&rriGj&il S£i< 7 _< 950 / 7 W rSlpdlp^j mdruos)^ 
pm! urrrrd®Gjr)rrl. 2 _($Gvrr&,l Qgul 1®1 ^uj[B®rrrlj,GlGV ^mi1u^g^)^U-Ild, QgulL® ^lp^gd^l/ 1 
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<95zJ_@z_7/_j(5)d5<5 &iJ<sv<s)ShuLDrra u l^Q i^gstitii Q&rr6ir6$r ^)/_^^)o3 /#/D0/i) <^0 ^rr^ovrid rBLod( g</5 

G&>67S)6u. ^<95(5(51/ &(q!uj&> £g) ujf £5) \pd> £5) g£t (Lpdd)iu urr&LD <si5)(ojo^/jfG) urrrfi)&jrrotr. ^(uf^lyf^lGsr Ggu&ld 
LDtDfruLC) §J(SVqS1ujld ^SUliodgu <s£l<ss)<?uQurr(r%u5](rir <sy®rT6)-i ldidtuld guos) <95 <977/7/5 <5 <off)<siv. (sfjGufplGV 
uuJGtfuQppLJuQLC) £g)/7 6m® (Lp<EF>6$T6$)LD 6)5 )od&ljQ u ttpS) 6U6S)&,&,6fT ULpflonsv LflGtrQundjl&GfT (stepper 
motors) LDpruLD U6mflui_i L6)6trQurrf))&6rr (servo motors). 

LHottsflULI LflckQurTtfi) 

U6ssflui_i u5 gstQ urrp) gigstu^j (S a, from flonavu u rri^6v>i_f giGVoShuLimad a>Lk(f)u u(f)fa)d &^Lq_iu <^0 
&rLp<svi ld u5gstQ uanfujrr^Lb. ^j^^ji_Gtr ^]i—^os)^d (ajrfildt&jLb <^0 s_<smffi (position sensor) ffjGV)6md>§j 
Gldgvild 6^0 UGsdluL/ £g)/z_/<95<95<95LD (servo drive) (S&rjptBrrGV /5/7/i) QldQgv 0/$ ljlS )/_!/_ (LponjpiiflGV 

(jj6U6S)606S) LLld <95<i^)^Z_D/7<95<i Q&UJ IL/LD. 

U6mflui_i lS)g£tQu rrrfl <^0 flonir) artogud (closed-loop) <5L@/ju7L@ ^gs)ldu l/. ^s^gst ffiudaLD LDjpjrp ld 
g)/^ flonGVGmud <95£g)/_/i) 0 /t5)<90 iSl strop n^i—donau (positionfeedback) u uJGtruQfaydiljpay. 

6T6i]6U6YT6LI giffpLC) [B^jf^J <07/590 fljf)&,(S6U6Mr(fQLD6tTirU <95 Lh—ODGYTOS)Ujd &Ottf) OtfUlS) 6V g-GrTGif® Q&lUGBrTGV 

^d&rd) 3)Gm(f (shaft) ^^5/D0^5 650/565 ^gugl/ arf/rpm. (g) i_ld mf/rpm Ggu&ld ufphu iSlGtroyirTL^i—rdaonGn 
GULprd(^LD 0/$ uj nddliqistr (encoder) £§)#*/ (^onotfTd&uuifQGYTGYT&p. y^dard, a^omupstr Ggu&gbodgb < 3 ]snda, 
GpGrrUfihuGV frLpGViLC) (a^nfuj addition snip ld (optical rotary encoders) LDjfipj d u5l otrQ u ttjSI (SGU&ponpd 
<95 lLQljuQpp 6^0 LDarpQGua ^/l/< 95<95<95<95 (o&)</5(L/zi) (variable-speed drive) uovrfluip udotrQ u af))a>6rT 

U UJ GST U (flf&yd) GSTJT) GST. 



uottfluLj i£\otrQ u rrrfil 


45 




u i _ d)d)GV 2 -ffl<srr UGsdluip i£\ g£tQ u rrjfihid gv ^rrduGV udGS)<L ^_(ipGS)Gn LdlGirQ^my gug$)& (brush-type) 

CfilGirf&LDrrtyrr l61 gztQu rrifil (DC motor) ^(^id. §>($Lp c950z_7/_/ ^(t^g^gu (§Gu^G^)^d (^G^tyds 5 Gpyd& ufi&d&yid 
(planetary or coaxial gear) Q&rrGm(f)GrrGrT&y, mfijrgd lCgstQ urrphid ggt Qldgv 2 _GTTGfT ^(ryuip urr&id (g )/_/_} 
iSlGSTyymli—dgiid^ GpGdhidiuGV &rLpGyi d (^jfihurrdSl. 

(^[5&)d (^tfihurrdSC) ^Luf^ly ^Lud^G^^ lSIgst &u5)dG$)(GijUjrr& LDrrjDrySljD^j. £§)^/ iSlG$TG$)fTLdL _ LDn&u 

uiUGdufilfi^uudldljy^j. idG^Gyimdi—d idGS)Lp &Gm(filiSlLyuLi &rrG5G$rG5&yd(£ (error detector) 

<-gygo/f-J uuuCh)dlnop)!. &n&)G$TLC) /5/7/i) filyoSlGV Q^rrfilfiy, a,idi_GS)GfTGsnuuyid yi^d^d 

Q&ujgvu rrC_GX)i_iLi ld G^uiSl(filSlp^j. GjGyGpi id idonLp ^(j^f^rrGV, QuqT)dS>)d(& ) (amplifier) idlGS)Lp 

GrByiyuj rr& ^gviuulju Child. 1 &id(fluurrid(fl yi—GuiydoD^d^fi Gy,GS)GuujrrGsr ^(ipfi^rd^GDGnd 
Q&ilhulj uinGdu(fifiy)Uu(fidCjr)8y. 

ULsyrff<o$)<so LfilmQurri^l 

uGmfluL_i lOgmQ u rrpld(p) < 5^0 (^jfihurrdSl Gy,GS)Gu u ufildljy^j. uiyfilG$)GV lOggtQ u rrpld^fi (S^gdguuSIgvgdgv. 
QLDGVIld ULpfilGS)GV l_6lG$rQUfTlfiliSlGV LKlGdQ^fTiy Si (off)Z_ ILIfT^J. (3(517 yfTUJ (5iy Z_S) pdd)GlS)G5T ^j<sb<ssxso. 

uGmfluL_i lCgstQ urrphfil gv lOgmG loomy s_essr(gl. ^^(Sgu &tLd try 2000 LDGssfl (Spy id (Sgugvgv Q^ilj^lSIgst 
uSlGtrQGBrrLy (S^LLjfB^jGdfilGu^rrGV LDrrfiiyQGUGmCfilid. uiyfilonGV lCgstQ urrfil^Grr GVGufiyyid Gldjd&gmtl- 
(3<517(5&)(5Utoff)//_/<# Q&iLULKSvrrid. ^GsrrrGV gjGVoShuid 0<off)/D<5iy. ^<*G><si7 dQyrrGrrl QgulL® (laser cutting) GurrGzrtr) 
dlGV (^ujf^yry&Gn^yGm® LDrr^lfi^GiflGV §>)Gir>i—dS>)GirjDG$r. uiyfilGVGV lSIg^tQu rrfiil&Grr (stepper motors) 

Gtt)GUfi&jjd @(off)/D/5^ G)S1 GS)GV Lid GQI id LDfi/rgld ^IGVoSllUld LD/Dfruid Q&LUGV&CjpGd Cl U GMT I (off) (517 /_J(5fffff?L7Z_/ 

id) gstQ u ft fid & gtt (servo motors) GVGufiyy gOI 6ff) gv udl goi id dlGS)i_ddlGdjr)Gsr. 


A B 



uiyfiGX)GV id) g£tC u trrfil 

06ffSr($)<s5 ^)00 

0<5ffff7(5)^ GiGdupy <s^0 (3/5/7 p&yd)^ ^Luf^lyid. £g)0/ id)&d 0<5ff)/D/5^ 2-yrriuG)dGV &rLpGV ^ujda sgbgvgb 

(3/5/7 ^iud&LDrrd(&)S>ltr)&y. <5^0 ld6 ff) yudidi _ &LpGV ^GmCfii (threaded shaft) (^GmQ&iGnjd^ ^(jpoDGrr Guiysu 

Gp(B)GBi—Li)rr& (helical raceway) Q&iUGVLKjdSCliy&y. £g)<5ff)<5i7 G^Gtry G&yf&y <s^0 zj5)c95^ &jjGVG61iULi)rrGzr ^)00 
(°^ujd&Li)rr& Q&=iuGVu(fdlGdjr)Gsr. 
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0<5557®0 § 5)00 

(3)GMT® §5)00<955yf?557 @)<SV &) JDLJiSlUJ(5V /_/<95 65)6YT (Lp^oSlGV UntfLlGufTLD. 6ULpd&LDrT& <95(55)Z_£ : 5l3 LDJDfrjJLD 0/0(51/(51) 

^lurB&ZlrTfrj&GiiflGV 0 / 55 ft u /_/ ffi (acme thread) £_/j/7zzj5i/ £g) LpuL/ 0<5557®0 §5)00<955ifl5i3 g-rjmuGij 

£g) LpLJLI Z_/!)?<9551//i) 0(55)0 517/7<95 £g)0/_7Z_J0/75i), S?000 0 (5557(55) Z_ <95^00/5170000 (S&>(M)6)JUU ® LD &d6)lfil(Mr 
<Sy®TT6)-l ^LpMTplGV 5£0 U[hi 00/7(557. 

^)00«0/i) Z_D55)/751$5l355)5D<950zi) (55)Z_o5)(51) 2_0(50Z_i ®0/TZ_/7/_/ £g)0Z_7Z_J0/75l), 0(7£)51/zi) O0/7Z_/J55)Z_J51$Z_ 

£-UniL16)-l uf&d 0(55)0(51//7<95 (ofTGTT&jJ. (57(557(3(517, ^GVoSliULD ^®1 &LDrT&> 2_ 5)75170/. 0(5557®0 ^)00<95(57T Z_z5?<95 
O/_ZD0/517/7<95 0<950/i)(3/_J/70//i) &t(M)LD GJjfplUJ Z_9 557(55)/Z_D £?/7/7<95 £g)zz_//370zi). 

2_iurr 00/5)5)55) <7(9555)5170 p>rrrd&&Li ld z_jzzj557z_j®005i//i) u5l&d 0(55)000 ^gi/51751/ 2_5i7 2_rrrriu&Li i_g$t (ffGvxsu 
Q&iU(d)u(®§>)(MrjD(Mr. Gldgvild ^gujdm)jd u51&d 0(55)000 Qurr(iTj6)u5)6V (tolerance) &purrrfuu£5rr6V lS\s 50 
^JGVoShuLDrTMT (3517 55) 51) <95 (50 <950 5700(55)517. Z_ZD 55)/7Z/5) zi_ Z_ frLpGV 0(5557® §5)0<95/7555f?ZZ_//7<9551/zi) 05557®0 00/70® 

Z_D(55)/7<5)5)(51)(55)51) ZZ_/ /7<9>(51/Z_D fhl7^ Q&ILIGVU ®ffl(5570(557. 

utt&ld r£}[T<sorTd&Lb (Partprogramming) 

<9>OzZ_/<9> £g)/Z_/0®/70(55)0 ^]iud 0(517000 0/7/i) (517/p/570Z_D <95Z_^Z_55)5170 O0/70®55)Z/J Z_J/7<95zi) ffUjGO fTd<^,LD (57(5570/ 
O<9776u£)G>0/7££>. £|)0/ urr<5,d,®dh gu Lpsu uj gv (part geometry), 05i/z_i®5if)55)zzj 0c95/700<95 O<95/7®<950Z_i 
^55)5557(955)7, 0(517zi.® (3(517(95Z_D (Cutting Speed), 2 ML_I_L 1 ) (feed), frLpoSl frtDfrtJLC) ®55)<9 : , QgULJULD p>6Mfld(&)Lb 

j9>)/7<51/0(55)0 ^SY7000 O0/7Z_/5700(5l), /^)0/00(51) G/_J/7(5570 0/55)5557Z_7 UGMfl&GTT ^®ZZ_/5170<oS>0<95 

0(95/7(55571^_0(950Z_D. 


0(55/7/5? O0/fleiJ?z_7Z_/(95<5)T (Acknowledgements) 

• (5lS)(i S Z_7 ZZJ /7 (95 zi.® (55)/7(95 (50 zi) Z_ZZ_/57 (95(50 zi) 

• <$0zz_/<$ 0/051751) 570®/jz_i ui—LD: Gefrorene Wand — Pixabay —CC0 Creative Commons license 
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10. aQiua &68)i _ &<sb (CNC Lathe) 


&®s)i—c9 : (5V ^lurB&^rjLi) uG^sfluQurr^G^GrT &lj)(s£1u51(GV iSIl^^^j ^Lpjp^jdljD^j. rB^^id QgulN^gttI 
QgulLQ)gu^jd(^ ugmFI uQu 3rrhGS)m ^ Gmi f^Slp^i. ^[B&> gulpgugSujgCggt &>rrrjGMTLDrr&>, <5j^rrGu^j <^0 
<Snd(G5)&d &{£){$ &LD&@prr&6)-iLb TrLpoShSlGsr iSIlpljiSIuSIgv iShpd&GpLC) ^isyiu u&( gs)I—3 : (gv 
^LUtB^lpid £)/D/5<5#i/. 



aGhua &6$)l_<9 : (5V (^]ILI[B§)1 rrLD 

a<oSsFI<ssfl < 5 T 6 MT(oS$f ]ld &l1® lj u ml® (Computer Numerically Controlled) (GTfF>®fjdj3,GG)Grrd) G 5 iSLfl(SV <950<95<95/_D/7<95<95 
&,Qiu& (oirB&tlpLD (oT(o$tit)j <%xjr)6vrrLb. &Quj& c55(o5)/_cJq3 ^LutB^lprdj^m usv [BGirsmD&Ginmd Q&nGm® 
(5170ffl(o577D(^7. <S£0 /-//7<95<950/<950 6Jlf)ir)<GUrr^J (^GUlf)6$)JT) <o76yfl <5/7(95 ^(G^)Ll)ds 5 LDjf)jr)JLb g)(Z_/<95<95 (LfiLpiL/LD. Z_fl<95<95 

0 /p/St/j Qurrru §5 )uSl (sv t 5 Lbu&>LDn&>d> ^([^ldu^ dhypilu (repeatable) g-tpupS) Q&ujuj <ojtf)ir)(GS)<GU. ^<95 Qgu 
£g) id ld n6)lfi Qp>rrjJ)6vny lCu &rrrr6mLDrr&, &Quj& &&s)i_a : <sv (^(urB&llrrrd&m iS&GijLb 

urrpLburflujLDrr&LJ uiUGmu®d)p>uu®il UGV&rLpoSl (multi-spindle) 2 _fDud>&)d &,GS)i_a=(SV ^uj[B^lrrrd&,sdlGST 

^)/_65^)q3 6)dl(o5)[j6u n& LDrrjppI Guy^dlGsrjpGsr. 

&Quj& ubjotgiih GULpd&LDtTGsr &<ss)L-&<sb $uj[5$!TW&<&dGi)<ss)L-(Suj Gsu^jutr® 

gu Lpd&LDrr&sr &,g$)i_t : gv tspsuGlG iv/70 urr&,(LpLD Q&ujuj (SGUGS)<svddlpGS)iGfTGn Quit [Si ^lud&rr 

Gp>G$)GU. <950(Z_/<95 ILI[5&)l[J[5&>1(5V [ff fJGV 6J(Lp§) <S£0 S>1 JD (5$) LDILI IT (S$T QprrLpISVrfjJllu <GU (SV(5VI [fi 1 ^4*/(oft) <95 ^J(GS)LD^^ 

(Lpp> 6 V urr&LD p> in it ffl d) 3 yi ^lUGp Q&uj&jj <ef> iu mjrrd 0 gu mj. iSIggtggtI (ypGVuQ u rryfjGmGrr gjjdjS 

rr^GiDp, (SpL-Lp urr&rdj&Gsxsrr^ iugi) Q&ujuj lS3,gi)ld ®jt)gs) loll/ gytgtt QurrjS ^iud&p G^gdguuIgvgdgv. 
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6^0 3 750(7/75 ^jiurB^rTLi) <§)0 6i/7p5757D7637 ^/u 0^/775 65)0 6i5)z_ 5)5 t561) 065)0)61/76570/. 

<oT®00/57577l/_775, 61/65)6761/75 67 077/761/0/ 750/7/75 ^LLId>d)ljjd>d)l(oV 676)5)076570/. (^rO 6576570 761) 

^65)65700/ 0/^(7/5/75 65) 67(7/77 6^G/7 G0/J0^)(5l3 ^@5)75 0/6i)6l5)/7/00//_637 0(95/7007/7). 61/7£)5<957D7657 7565)/_7 : 61) 
^//70^/700/5 Gt 57 ^7D7D7§5)/j) G61/63)6l)50 6£0 0/63)635757506)5) (accessory) G 0 65) 61 /77 77 ® 77. 

6177pc775/7)7737 75 65)/_ 767 ILI 0§?/7061) 6^61/061/70 ^6761/ 7D65)/7(7/7D 75(63)/_//_/, 07/7) (7/3657657/7 777/7000/G77 761), 

757p6l5)507D §5)0 Gt5005)5077 <§) 65)/_ G (7/(7/6767 77$ (7/7657 G61/75 6)5)5)0063)00 G0/70O0®5t5G61/6337® 77. 
^0000 000070G77 767 7761)615)63)63377563)67 77700 G 61/6537® 77. 750/7/75 7563)/_761) /T/0®(70® G(51)7 ffifJGSXSQ 

77t2®7d LDrrtDrflGZTrrsv Gt770/td. 

&<smi—&<sb ^lurbSilF ^dfr&m 

(oTOlflUJ 75(0)47775 (CNC) 7563)/_761) ^)//J0®/7/59756)7 £g)/76537® ^jd&r ILI[5&>l X LDJTjfQ]LD Z 0/0 2 <^<77^7567 

7/?0/ r£)[J<ob 75/_2® 77L/7/_2/0637 djj) 061//_2®6yf)637/7 075/700/61/0/7)757637 §5)063)6375 G)t5763371^.050/7). 7- ^d&r 
5) 65)/_ (7/70/. 



75 63)/_ 761) £g)(7/0®/J ^/57r75 67 


Z SUd&r 67637770/ Trip6)5) 7700/77 lSIl^UlSI 75)637 ®63)7//5)61) G0/5)(7/61) (7/575777077. £g)00 (7/57577 

77 655$77 077706)5) 657 5567063)05 75t 1®/277®750/£)00/. ^0761/0/ ^0563)75 (saddle) 075077 ®63)763)(7/007637 

Z ^7* 67637/T^/ 077761) 5) G0777. 

X^g)/57r 67637770/ Z ^/5 t?50 07735000775 ^63)05 00/5G75 G)61/t2®77 ^)(7/5t 577. £g)00 ^)(7/5 t577 
776357?770/7706)5)637 6)5?t2/_063)05 75/2.® 77 77® 00/5)00/. ^ 9 /0761/0/ 001/50 075/70§5) (cross slide) [B<^(I^LC) 
^65)7 r 65)(7/7507657X c gl/57^ 6763701/ 077761) 5) G0777. 

^7W 7 ^gy5^ G063)61/? 
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Y ^dfr ^GCGorrsdl uurrGV rfrfj&Grr <^0 2_(njG$)GrT urr&^S^&b (Slxjxu rru lSIgv ^rrddrr (radial) 
lxlIQGlx (Sum _ (lpl^ll/lx. <^0 ^(^gxgu urr&^&hd) ^g,gst ^d&r gxlxlulx GULfthurr& ^GVGvrrmd) ^jgxgyt 
(S um— (Lpiujf)di Q&iugj urrqjjrfj&Gfr. ^(^gdgu urr&^&D&sr (Slxjxu rru lSIgv lxlx rr§)jfl ^rjddrj <syGVGvrr&> 

^jgxgytGu rr(f)[^GV, arrLY QgulLQ^gv (Surr&frjr) gt[b^ G) glu gv u rruGS) l _ ll/ lx rfrfj&Grr Q&ujili Gfi)([TjLxiSlG$rrrGV 

^^/D@ Y<syd&r (S^gdguu u(f)ix. (Slxgvilx &Gttfl65fhurr6V ^LpGirru ^d&&GtflGViix <sp(S[j (S[5ijd,$flGV drrrr&> 2 mjui_ld 

flc5f7g)i<5 (Lp UpiX/ LX. ^&(S6U dld&GVITGST GULipGUrfj^GS)GYTLLILX QGUU.I—GV[TLX. 

2_<srf) (S&rTL][TLX (Tool Turret) 

GiGrrhu &G5)L _ &gv (°^ujr5&>l[rrd]&GfT <s^0 2_Grrhi5)GV (Sgugixgv Q&iudlGSTjxGST. (SGUGS)God(&j (Sguxu 6^0 2_<srf? 

ixrrfop (SGiJGmQQixGirtDrrGV ^Gx^d ^Lptfirfluj iSIgst lxjxjxgx^, Gjifir)(SGUGm(f)Lx. (Sp^rix GtfGmm^ix ixpruix 
2-jDu£6)£5 6 )jdgst (^GXfDiLfix. ^&(Sgu /5/7(o5T0 g-Gifl&Grr G^jfDfod &n.upiu g£Ig$)!JG)_i ixrrtfjDGV 2_Grfiu lSulx (Quick 
Change Tool Post) upGUGvrr&u uujGiru(f)^^LJu(f)dlir)§J. &Quj& o.gxuggv ^lurBtflcrrfj&GiiflGV Qurrgj gu rr& 2 _gttI 
(S&rrL-i ijlx u ujgstu^^^u u(f)dljr)^j. dlrfihu &Quj& o.gxuggv ^lurB&llrrrd&GTflGV 4 (Lp&>GV 8 2-Gi?l&Grr gugxsju 
G) U U([F)d><5) G^UJGVILX. Q U jfl ILL &QlU& O.GXUGGV t/J/£ §?/77E/ &G1?lGV 12 ^GVGVgJ ^gl/^/D0 (SlXJDUlIl _ 

2_Grri&G$)GYTLHLX Q U rT(IT)[f[£ &]UJGVILX. £g)/565 2-GTTl (3<55/7Z_//7/i) &QlU& ffUjGC <EF>L_L _ GS)GfT&>G)dGSTUUp OrLpGSTITJtJ g^(f)d,<EF> 

(SGUGixGvd^jf (2 &>gxgu uj ggst 2_GrflG$)iu QgulLQlx ^)/_^0/«0 cS Q&rrGm(f) GuqjjLX. 



2_Grfl (S&rrL-ipLX 


fiGirnf) QgafloShjLi&m (Acknowledgements) 

• G)fld§>)uLdLipimrr&u(f)G&cr&(^Lx uurf]&(^ix 

• &Qm& &>G5)L _ &gx ^jUJtB^lrjLX ui—LX (Licensed under CC-BY-NC-SA) 

• 2_gttI (S&rruiJLx 
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11. sQiua &ji(nj<su<sb g)tu/5j§)/7i£> (CNCMilling Machine) 


Q&lhl( 9 )§§l§ § 1 ( 0)61160 ^jUJfB^rjLD 

0(5737000/0 0/0(517(5)3 ^)(ZJ/5^)/J^^)(50 X, Y LDIDfrULD Z ^<55 (70(5570)/ 2_(5557(5). &>G)lU& <oT/5^)/7/i) <570/<517/7.55 

QiqfirB&rrepuL Z &Lp®Shi5)(rir ^ddi_Gggt (5i70/i). ^^Qgu Q&ie. 7000/0 0/0<5i7(5)3 3 Z <31 dd 

Gldgvild §>(Lg)LDrr&& Qdgvgvi id. jffhi&dr <sn&>dT (Lp&sr fl(5irtr)rr(sv 6ULpd&LDrr& X<3 Jdd ^ i_ldgijgvldddd 

QDGVGVI ID. Y <31DD (70 (55755)/77) iSl (557(55)7 ID /755(j QdGVGVI ID. <^777/3755(51?) (557 (flDDDDmU 2_<5lf) QgUlLQlD @))(55)5 : (55)777 

( 55 )( 51765(365 Q&=rr6bSl(SforrLb. rflrjcsSld) d>dld X <3)dd ^ddgmt QDD(f)fD>DGV 2 _< sy ?) gugv^jlijdid 055 / 700 / 0 ( 517 /_!/_ 

( 3(517 ( 5557 ® 77 ). 0 / 0 ( 517 ( 51 ) ^ 7770 ^/ 70^(50 £_( 5 lf) 055 / 7 / 70 /. <^ 55 ( 3(517 < 570 § 5)/7 ( 377 )( 55 )Z_ ^ 0 / 7)0 <o 7 § 5 )/ 7/755 <^ 0 / 7 ( 5170 / £g)/_ 0 / 
7 _/ 0 )/i) 055077 ). ( 30 / 777 X 55 ) 0 ) < 57 ( 5570 )/ 7(50 ^ 0 / 0 / 7 ( 557 'c 7 ^ 0 / 7 /^)( 55 )( 51 ) (default) ( 57 ( 557770 / 7 ( 51 ) “+” (&)f)hlf (fl C§ 0 ( 55)(517 o5? ( 51 J( 55 )( 5 V). 
( 57 ^)/ 7 / 7 D( 55)0 ( 57 ( 5570 )/ 7 ( 51 ) ” (^pUlYf) ( 30 ( 55 X 517 . < 570^)/7 ( 3 t 7 )( 55 )/_ ( 517 ( 51 ) 0 / L/ 0 LD 055077 ). 

id id rrS) ft (Lptrirru <3id&&dr Q&rrGmi— 05X37000/0 0/0<517q3 (<f)ujf6))rrf6))GV 0/7/i) uDsdl uQ u d^gi^gd 

GlDD)l_lfDLD 0^/57000/7^ 0/(55)(577 (3/_7/7/ (50/777), (55/770 0 <517 zi_ Z_ (50/7/i) 77)0)0)/77) (70(550(55)0 5 : 77)0(5y777)/755 

0(517/_!_7_ (GOULD. 2_(5yfl(/5)<557^^(97 0c7/57000/7<S(3(5170/7(557 £g)0550T7). 



Oc 5 : / 57000/0 0 / 0 ( 517 ( 51 ) ^lufS^rj ^d&r&dr 

&>l6$)L LDlZ-L 0 0/0 ( 517<50 7770 ^/ 777 ) 

£)(55)/_77)zi_Z_0 0/0(517(51) £g) LU 0§ 5 )£70<50 (5770(5)5) £)(55)7_77)7_17_77)/7<55 £g)055077). £770 ( 5 ) 5 ) 7/5)(557 <Jl/ dfr /_(3(557 
£g)0550/i) £g)77755550§>)(557 <3jDD <57Z_7077/7(700/70 Z- <3fDD CT (557770/ (0/77755/i) 055557i@/i). fDJDGTT 
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ffi<o&)/_z_DzJ_z_ 0 0/0<si7<s{) ^lu[B§)1 rr^§)l(5w (LfiGir fffGmnorrd) 6ULpd&LDrr& X^d&r ^i—LD6i]6VLDrr&,d Q&gvgvi ld. Y 
<3jd& (Sldgvild §>(Lg)LDrr&d Q&gvgvild. 



&}6$)i_LDiXi_d> 0/0(51/(5i) ^ujfB^rr ^jd&&6rr 


&Lp<sb 

^uGurrgj, 0 / 7 /i) 0 / 7 w<$/ 7 < 5 i 70 / ^d63)&d G&rrpprrGV, <jy 0 / Q u rrgj gu rr& ^i—LDGUGVLDrr&d Q&gvgvild X^d63)&= 

63)LDILILDrr& (55X51700/<# StLOGVILD. <57wG<517 0LD0/ U6SsftUQU /70(5lfl 63T (Lp63T LDJDJTT)]LD iSl63T /_/0) [hi3>6)fl6V 0/ 63)6YT&6fT 

(Surri_6vrrLD ldpjqjlc) <s/n^_«(5yr Qgu Xi_6vrrm. £§)/j >0 $rLp6V ^d63)s= A ^d& 6T63rru Q&=fT<sbSl(SforTLb. ui—£S?l6V 

2_6fT6U G)cJ/ 57000/0 0/0(517(51) £g) ILI 0£ 5 )/70£ 5 ) 6V 6T[B^J QlD63)1 _ X <3]d63)& 63)LDIULDITS^ (55X51700/ ^Lp6Vd&^LIj.UJ§J 
6T63TLJ63)&)d <^fT633T6V fTll). 
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&rLp<sv 'SV&fr&dr 


(Sldgvh_uS1gst <si//J_z_ [b® urr&LD Z cm ldujld rr& gdgu^^j &rLp(5vd^Lyuj^j. ^gd^>(Siu 

C GJGSTjry Q&rr6V§>)(Sir)rrLb. 

{5<s&Tf$\ Q&aflG&ULi&Grr (Acknowledgements) 

• East Tennessee State University <^LL®GS)tj<^(§r^LD ui— rbi <£(6)5 id 
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12. aQiua r£lp<sorrd&Lb (CNC Programming) 


^gmUgsU GTGMTGMfl ld &lL® uum-L® (Computer Numerically Controlled) GipS) rrrd&GnGrrp plSIl^Igv 
^ o^^uQuiurrrra &Quj&GTpfidrjrhi&Gn GiGsrpj j^pGiimb. < ksssFI sisfl &LL(p)uurrNLpGV ld[jQgugs)go gu ipPdQ&ujGp 
(Woodworking Router), iSl^inD QgulLi—GV (Plasma Cutting), dQrjrrGufl QgulLi—GV (Laser Cutting), Q&pjd&GV 
(Engraving), uppG$)GuppG v (Welding) GurrGsrp ugv GipS) Lrd&onGrr ^iud&,GvrTLb. 

^jd<9uL(p)GS)iju5lGV <55 &)//_/<55 &(5V)i—c9 : (5V ^jiufb^)ijLi) (CNC Lathe) LDppjLD &Quj&> pi(ir>GUGV (j^iurb®iJLi) (CNC Milling 
machine) ^ uSHugu pn5l<sb (LpddliuLDrr&d ^guggtiL Q^GyidpidlQprTLD. <55(o)//_/<55 (CNC) GiddlJ lq_u UGG)i_&Gn 

uppft (§)[6pd &LL(h)6inijii5}6V asrrGMTGvrrLC). mpp ^ujp^lrrGdhuGV y^LpuuG$)i_d &>N(i))GG)rr&GrrlGST 

i_i&,GS)Grrd d(Sj_p &,rrGMTGvrrLb. &g$)I—<t : gv ^jiup^Ipp^GV usmfluQurry^m &rLpGvdlppj, 2_®iflGmu 

P&rfppj&>l(SprrLC). LDrrprr& pj(pGUGV (gj) uj pS) ijp&>lGV 2 _gt( &LpGvd)ppj ugmFI uQ u rr(pGS)Gn /5<55/7<550/S(S 'tomb. 
GldgvilL c55(o5 )/_&gv (°^ujp6)tTpS)GV QurrpjGu tt&> GypGv>p (LpGDGST 2 _gt(&G$)G nu u lugmu (p)ppjd)Qp mL. LDrrprr& 
pgpGUGV rrp^lGV ugvqpgdgst ^_Gd&,GS)Gnu uujGGTu(p)ppjdl(3prrLb. 

ugmFI uQ u rryyiGTyd^ GT§)rjrr& QgulLQg/tJ p&ypiL urrGmpGmuiLiLC) (Sgu^gd^ll/ld (LpddhuLDrr&d &Quj& rflijGV 
^LL(puu(pppjd)pp]. ^^(Sgu / 5 / 7 /i) piurrr?ld& GdlypiLipiL GyGuQGurr(p urr^ppidtpiE ^ppGapp &Quj& 
rfljGV QpGS)GU. ^kGgu ^]pp tffcrGV GT(Lg>pjGUGir>p urr <55 r£) (tgv rrd& ld (PartProgramming) gtG srpj ld 
Q& rrGV ffl p rrrf& gtt. 

&Quj& rffrjGV ^ls^ljugsii—U u(gjfgl&<srr 

&Qiu& GTtF>d>ljjd)<9jjd(&) rilrjGV Giypp (SGUGmQ)LDrrGsrrrGV fird&Grr prrGir(p ^ Lpu ugs)i_u u(p&)&G)I?1gv <55 gugstlL 
Q&GVidp (Sgugmt( pirn. (jppoSlGV <S4PP Gip^ppS^Gir (Lpdd)iu urr&rd&Gn ^rd&i^pdtp pGsrprr&p Qprfhu 

GgugmtQlL. ijgmt 1 uGupj ^jpp Gip^rnL p&ypiL S)g$)&<5 : >gtt ^jprrGupj ^lurd&Grr /si < 55(65 <55 @ ^rTGULDrr^u 

L/rfluj GgugmtQld. ppGsrprrGupj *3\pp Grp6)(rp6)GV ^(pd(pLD pjGDGMrd ^(jpgEI^gtt uppPp Qprflppj Q^ttgugh 
GgugmtQlc). pn gst&> n gu pi ^\pp Gip^lyp^lGV r£l tjgo rrd ^ld Q&iuiud^upuj uGMfl&Grr uppliL/LD ^Guppjdp, 

GTGilGUnpj rfllJGV GJQppjGUpj GJGSTpjLD Qpfippl Q<^fTGTTGfT GgUGMT® LD. 

G r£lij6£id&rT<s$r pijr£l<s6)<so 

&Qiu& rflijGV GT(Lg&jjLC) QLDrrL^Gmu u Q u rrpy gu rr& G rflrjGV GiGsrpj Q&rTGvdlGpmi. / 5 / 7 /i) piurrr?ld& <si$ 0 zi)/_/zi) 
urr&p6)lG$T GuuyGud>G$)<3) (Geometry) ^)/5^ rflrjGV rff rr gmt iu ld Q&iuGuprrGV ^uQuiurr Gupppy GJ&frpj 
Q&rrGvS>)prrd&Gfr. G r£l ugvi d&>rrGtr p>rrdl gmgv ISO 6983 LDppjih RS-274 ^dliuGupdilGV arNuyd 

(GF)plLJiSll UUN(f))GYTGfTpy. &QlU& GTfT,^!jd> pILIITlflLJUrTGTTfj&>GTT d)pd)GV LDTTppdl&GTT Q&ILJGUprTGV rSPjpp 

GlfiS)Lpd)lGST GS)&,(3uj(p)&,GS)GrTU iSlGGTUppjGuGp d)ppp GULfl. GTGtifl<M) I LD IJGV GT(Lgpd <55 ppjd 

Q&,rrGfT(GTF,Lb(3urrpj pyrffGDGVuuLp GTQppGemL. arLpoPomup pjGud(pGupj, tffpjppjGupj, Qgulju ^ppplomup 
pjGud(pGupj, filpjppjGupj Gurr&frp GGUG$)GV&,(GrF>d&rrGST rprrGV&Gn M GiQpp^lGV Qpm_[hj(piL. ^_g/t1gs)uj 
p&dppjGupj pGfihj (°))pij (Miscellaneous) GGUGS)GV&,(GfT,d(pu unjGsru(pGuprrGV ^uQuiurf Gupppj GTGzrpj dlGvrf 
Q&rrGvdlprry&Gfr. (g)ujplplij (Machine) (3GUGS)GV&,(GfF,d(pu ULUGSTu(pGuprrGV ^uQuiurf Gupppj GTGsrpj (§Gupj 
dlGVfj Q&rrGvd)prrrf&Gfr. 

^uj (jp<sinp<o6)LL&<sh (coordinate systems) 

JT>(q! LUGT> ^lUpS^prd&GlflGV ^jgGMT(p /_fl<55(5iy/i) Q U fTpj GU TTGST GU GG)&>&>GfT GTT GTT GST. GpGGTpj G/5 G/J/7/_i/_/if 

urrGvp (linear) LDpppj gulLi_u urTG&p (rotary). ^GuppjdQ^pu u(UGSTu(pppuu(pm ugmtQ) lCI^giild 
Q urrpj gu rrGsr 'S8G$)LDLJLi&Gfr Q&gugu& ^jGVGVpj <55/7/7/J_Z2.£) iugm ^t,UJ (LpGV>pGS)LD (rectangular or Cartesian 
coordinate system) mppjLD pj(pGU (polar) ^pUJ (LpGS)pGS)LD ^(pid. QgulLQlLGu rrpj 2 _gi?I QgulL® Ggu&,u uLp 
QmpjGurr&pprrGGT p&ypiL. ^pGsmGV ^_g/t1gs)uj QgulLi—P Qpm_[hj(piL i_ppjd(p GtSI gs)tjgu rr& p&rrppGvrrLb. 
^<55 QpQpmp (linear), gulLl_ gul^guld (circular) LDppjLD GfilG$)!jGp (rapid) ^<55 ppGsrpi ^iuds 5 GUG$)&&Gfr 


54 








^shsrrorr. GlLDifirfld ^jsrronsn (LponpuSlsv ifiddrn sjfifDid (smallest increment) 0.001 lS)l 8 (°£j(ijd&svaLi). OtLOGVild 

ifiddru sjfiipLb 0.001 uaor>& (°^([i)d&svrrLb. 

ijfiduju Lj<sh<sfi\ (zeropoint) 

&Qiu& ^lu ffilrtfija^shov Qsnififisrf] stshsnsrrsri apt a id rBa,aGsusm(f)Q LDshjr) a,ifii_ss)srra,ss)srr <s £0 
(&jn5luiSl zJ_z_ ^)/_^^)( 5 i 5 ) 0 / 5 ( 3 ^ Q a, a i^rd^G on ad. ^aGsn £§)< 5 /d@ rflijGV Qa^ai—d&u Lishshl (program origin) 
stshirg Quiurr. £§)/5<5 (°^i—£6)sv ^ludj&sh (uasL/d L^ddhud stshupasv (ffsnpu L^ddiuu ipsa oh stshipjd 
Qa= add parra oh. @£j5>l<si 3 (°^rjsm(f) on sa a a oh ^_shsrtsst. 

(Lpa>sb suss)a, filoasoiuasst L^ddl uj ld (fixed zero), (zfdHsv L^ddhuu pshsh] ^jovov^j Qa>ai_dau p short] 
siuGuaajjd sirB6)a£6)sv <s ^0 @/? 5 ludDdi— 3 ^smarBfilqTjdtajd. (°£)ajj Quagjsnaa onfdlitj 

Gmsaafiponfifilsh Qa^sh (Smfi)^ yrsasoidsb ^a,asn^j ^ji—^j snau udad dip yrsaomdsb 
^ssnDfBfild^d^LD. ^)/565 ^i_fiss)a, ^prtrtmrta, sasnfi($a> Q on d fish] uf oh ^ji_fijash ujasrfd 
Qaafidauufid. (°^asmi—ad snsaa i_fil^d(^d p^ddiud (floatingzero). OTd>d)ij QLDoaa^sa^^lsv 
srpa^Q GI//70 snadluj asn dfi_dd]svid orffiafisaa, ^lud^usu f pddiuu pshshsmu ^smafiajjd 
Q&ashsnsvad. (fffibp ifipa^d L^ddhuu pshsh sl lon&a^rroh a^pGurrajj uasnsva&u u Lushufifia,u ufifip^j. 

(LpOpsuorrsi] (LposyjD (absolute mode) 

(Lp(Lp snort or/ (LponjDidsv ^sasafiaa ^iudafija(sa,daasa (Lpipspu p oh oh asa on p d filrjsv p^ddiuu 
pshshidoSlqrgBaj QaafiuQuad. Quaajjsnaa 2 _sh ujdad adisnsnaisipdta, ^jru^lu 
pshsh a an sad (afifiuLdfisnpfiaaaa dtp fa, LDjpipjd or ship, asst on Lfhapanjrnu a(a,d. (LpQpsnsrtsp (Lpanipidlsv 
^tsaspash Qaafiu uana,p d axfia,svsasri (LpsnjDidsv ^saspash Qaafiuuana>pd (°fuui_fi]ashsv 
spu iSl i _ scad. 



(P>(L£)<SU<SYT<SII (p>S5)JB 


&si(ij)tS 60 GfTeii (Lp65)jD (relative mode) 


55 



































£^(5)<5 gvgytgii (LpGinirniSlGV ^gdgzt^&i] ^ujd&nd&iGpd&rrGsr (Lpuj_<siy ymsfl&GinmiLiLb 2-GrihiSlGir ^ro(SurrGS)^uj 

^)z_^^)(Si5)0/5^/ Q&rrQuGurrLb, rflijGV L^ddhuu LiGrTGifhidloSl^tB^j ^jgvgv. @)<so QtBprdi^GiflGV £-pG)5hu rr& 

£g) 0 < 950 /_a ^GsrrrGV z_S) fjdd gd gstuj[tgst^j. GjQGZTGsflGV (Lp(Lg>GUGYTGii (LpGDjpuSlGV, rflrjoSlGir <g £0 

&lLi—GS)Gytii5}gv &>Gujru GjipuLli—rrGV, <sp( 0/7 6^0 ^lud&Lb LDLLQlLbprrGir^GurirrGsr^rr^ £g)0<950/_a £§)<5/D0 
LDrrtr)rr&, ^Q^gvottgli (LpGmtrnidlGV 6^0 ^Gugu GjtpuLh—rrGV, ^^g£t lSIgst <si/0/_d ^jgs)gst^§j ^ujd&rdj&iQtyLD 
S)GUfD rTG$T<EF> fT&, <Sl5? (J) Z_D. 


li 




1-T 






&n-($)&)6VmffLi (Lp&njn 


rfljjGV GrQ^&ijd&rrLLQ&Grr 

<5icrF>GUGV ^lud&lud&iid&rrGZT G rffijGV LPforniLb M rflijGVid&rrGzr (^pSluLi^GiSld GS)&(3iu(h) G^GirGinm Q)rd] ( 3& 

&>[TGmGvrrLb . 

G rflpGV GT®£5g]d&md® <95 gtt: 

• G6W (5i5)(o5)/7/50/ (&jd)l lj iSl lLi _£g)z_<5§5)o3 r£)iru£§]£5GV (Rapidpositioning). 

• G6>7 GrBrfhuGV f^]GX)i_d&Gmfluip: QrBpQ^rrLLLj.GV QgulLQld Gurrgj osulLi _ dt^jds^nGn zj5)<9>(Si/z_£) 

Qurrgti gu rrGST rflpGV. UGsdluip i£\ g£tQu rrrfi} (Servo Motor) ^gZgv§j ULprdlGDGV i_6l gztQu rrdil (Stepper 
Motor) GULfthurr& (^GmQl^^l^GS)^ (ball screw) gigiigugugl/ ^Iqt^uuGgugmt^Qldgstjt) G&rrGm 
GGu&rd&,G$)Gnd &Gmdffi(i))§>)tr)§j. 

• G02 GU L-L (^GG)l d&>GG$flLJL]: (3/5/7(3<95/TZ_/T<95 ^GVGVtTLDGV GUlII—GUL j-GU£5&>lGV GUGVd&JDJDfT& $&>$&>&> 

G^) GS) l _ uSl GO I GYT GfT Lj GYTGllfl<9iGS)Gind <95 (o5tff?<950/ 2-GlflGmU /5^fJ650/®/Q0/. 

M rfltfGV (oT(5)^0/«<95/7Ll(5)<95(5yr: 

• M03 frLpGSlGmU GUGVd&rJPJT)U<EF>d) §]Gud(&)&iGV. 

• M04 arLpoSlomu ^ i_d^piD rrssd> gjGud^^GV. 

• M08 6)rtGu Qgulju ^jpplGmu^ ^jGud(^p,GV. 
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13. gliDpg QpGV <%Qiu& urT6UQS)<ssrujrTdSl^6rr (CNC Simulators) 


<$r<sir uir<M<m<sffiurrd£)&<sin<srrLj lhugstu®) pp ($6ii6Mr®Lb? 

6Quj6 [ffijGvrrd&LD (CNCProgramming) ufDpfihu lcllj U65)i_665)66 (Lpih65)6UJ 6lL®65)6u5)60 

666551go 6 ld L/&>lp66 rflijGV uuSIgvGgu nj p id 666 ®lp65)60 GpL-ipu U6(j66 6pqp 6i6iflp665i 6iiLpl Gp65)6ii. 6 Quj 6 
6ip® [U6666 g&gsxoo 2_uij[Bp65)6)j. Gldgoild 2_ff)up®d(6,L5 uuj65iu®ld 6ip®[irG66rtl65i Gprip65)p 6i5 > 655npd6 
G6116551LpUJ 6)160 65) 60. 

^U65)i u6ikld6666 r£l ijgv 666 fj 6666 - 1 .i_ 6Qui6 [§\fj60666p^\6b u5)6lj QuqpLD £g)/_i 61651651 6i65iupj uppld 

6611651LD 65)61166 G6116551®LD. $61666 [£l {JgSI 60 £g)/J_Z_ 6l5l _ 65)66665)666 6655^65?) <55 655165)6551 [Lfi LpdQ666551® 

^uul^Guj Q^iuil/ld 6i65iupj 2-6i6(66,d(6,p Qprflpppjp665i. lj 655(1ljQ u 6(6,6ifl65i i_Bpi Gp65)6ii uj 6651 QgulL® 
^Lpm 65)6iippj 2_6rfjQmu p6qp®65i660 2_G6066p65)p QgulLQIld. (°£jpjp665i pnid 6i® ju 6pd(6,Lb 6)5165)6660/. 
^)<5/D0 ld 66)66 p6LD p6iipl 2_6iflsmu ^]ujp®pp®65i U66r^j66ifl65i Gldgo p6qp®65i660 ^/65)6ii 
G6pLD65)l_6/ LD. ^/ppjl_651 2-6lfl Uq LD 2-65)1—$pj Q^djld^LD. (°£j LD LD 6® if) 6)51up65)p GlDI ip60 (collision) 61651TU 
Q6660®Gp6LD. ^]$p GLD6p6op665i6Qui6 $l[i606d6p®6b lSI&li QuqpLD £g)z_/ j. d)60 Gp[ir£j66)ifl6b p6LD 
2_6ifl65)UJ 6i®fu6j6p ^/666iq ^jujp®p u 66rd66dl65i ^/(p®60 Q666551® Q6606066^®Lb. ^LD(Lp65)p 
Gmrr^GV ^66)516065)60 6i65ip6601 ld ^pjGu660 ldu 51 f65)Lpu5l60 pLJiS\65i660 (near-miss) pid 6655( l5 l51go 6jGp6 

pGiiipj 2-6666pj 6i65iupj rfld&iuLb. ^/®pp Q_p65)p GLD6p60 rff&Lpd 6 ^®ld. ldld 6®fl GLD6p60665)66uqLD 

GLD6pd6^Lpui ®65)60665)66uqLD p6i5)$66 6Qui6 u66U65)65iui66®666 QuflpjLD 2_p6i/®65ip65i. 

/ 5 / 7 /i) <o7(7£)0/zi) G [fljJGV (51 GST GST Q6UJ ®pQp6516)J 2-1—651 l5165165)6l5 L LD ® 65) l_pp660p 6651 pLDLD660 

6i5l65)ij6u 666 ajDjrud Q666666 (Lp ipuq ld. Gldgoild rflijo^GV LD6®prd666 Q6u5p660 61651651 pi_d(6,LD 6i65i6p 

GlpffpJ Q6666666L/LD 6QuJ6 U661165)651UJ 66® 666 ^651pl UJ65)LDUJ 6p65)6ll. 

^/65p U611(Lp6fl66 $1IJ 60 666 f <55 (6TF,LD 616116116661/ Glp6l(6)J 666 <55 655(LJ L/ G)6UJ® 16666601LD 2-6lflLJUfT65)5565)ILI 

61165) rju l LD66LJ u6fuupjGufT6V 6)5165)^61/ &iflumid&>601 <550 (quick sanity check) Gsujrp dlro^ 6ULj5l 

§>)65)i—Ujrr§j. 

<» irfD^j Q(sml®^(sb 

<55G)//J<55 6TrB®qd>§)}G)6r(jDUJ U655fluQU^QpsdloSld^fB^J £_UJIJLD11651 l d)d>l6V &TL/5UL_l6fT6frl65)UJ 65)6ud)6j L l 2_6)?l 

6165)6)16/LD Q6Uid. Z_ flLD6V f£l(J65)<SV LDl 5®LD 6pL^I6j_U LJ6(lULJ&>[])(&) “&nir)frU Q6UL-(®556V ” 61651TU S T) /7/7<556Y7. 

L//7<55 [£llJ65)6V /^0Z_5)<i<55 6£0 GULfl. UJ /5^) Ijd)§!\651 G^^LD 6)^6551fl(^LD. ^651661) U[16U65)651UJnd§>)&6)l?l6V 

Qprfhunp 6U(Lg)d&65)6niL/Lb (gj) ld ld n6)l ft 6 tib^^^ 6V GrBpLpujn& 6pid.Lpu unf^^jd &6551® iS)Lpd&6vnLb. 

<3>G)UJ<9> Un61165)651UJn&*§>}&6fl 61651651 Q<9=UjSl65Tp65T? 

G $[165)60 6pL^I6j_ U655fluL/ 6)5165)0= UQLJnpl65)ILIIL/LD <91Lfi6)S165)UJILfLD <JlLpiD^J6U^ff)(^LJ U^l60f 7<55 <55£)//_/<55 
U661165)651UJnd®6,611 6^0 6U65) /J<55 65)60 <55/7 iL&d) Q^6(^LJ65)U 0 6Ufid 0ffl 6516)651. ^)0/ ^[Bp [§]fJ65)60 

6pL^Lp651660 <55S)/ZJ<55 61fB®!JLD 61651651 GltfUJlL/LD 61651U65)pLJ UI—LDH&d <55/7/_i@®/D0/. £g)<55 <55/7/_l^)^ Qp6(^LJ65)U 
2-61?lLJU665)p (Backplot) 61651TU QU /70/6 U6&d Q<6660 ffl/D/7/J<55(o77. 

r£lrj60 Qp6i—d&u L/6fi6iflu5l6b (program origin) 6p(i]jr£]&6n6)-i&6ri lu 66 l/ld &tLj 5 6i65iup660 (g^ppu L/6fi6ifld(p 

6tL^l 5 L/6fl6lfl (zero point) 61651 irgLb Quiuri. Ul_p®60 d)6UUL/, U665)6 LDljrrgLD $60 f§\fDp^60 

&6lLI— LJUlL® 666665)6U X, Y LDjrjjQJLb Z ^/66r66fl. 65)611 [Lp651frpLD 66,^6(6,16) L/6fl6lflp6651 6LfilLJ L/6fl6lfl. 

6p(6) [56060 6QlLI6 U661165)651UJ66<6) 6(66,6(6, UUJ65)16666 6661160666 U60611ID65)[DUqLD Q666060 (LfiLpuqLD. 

6160606611 JD(l5ljD(6,Lb GLD6066, $^666 61® JU6^6(6,LD LJ665)6, u5l 60 2_61?l Q 660®6)6,6 61651LJ65)6, ^j666Li®p 
Qp6(6,LJ65)LJLJ U6fjd)6>66b (SpCS/J U6^65)611 u5l 60 2-1—651 Q6 66060606LD. $^666 61® JLJ6jp 6) (6,6(6,16) U(6,®6(6, 
Q6ll6rtlGuJ 61 pp 6)516666LJ LJ l 6p 6 6 [16551rG6(66,666661/ LD &) 62_Q !J651PTp [5 6 j [Bp 660 ^/65)pd 66U65f)ppjLJ 
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urrqijfrj&m. dlGULiL/d (S&rrQ&m g-Gifl u5) g£t g£]gs)tjgi^ ^ujd&^GinpBd <^rrLLQ)S)GirpGST. ^gvgu &guul_i rglro^&^Gv 
£g)0Z_7Z_J0/ GjQG^TG^GV UGMflLjQU /70 (<50(55 0(517 <5l5)<oS)/700/ 0/ <SS)LpILId (5^lZ_/70/. Q GU GfTGS)Gn ^JGVGV^J udGTD&d 
G&rrQ&m 2_<5yfl &ml_i_ (Sgu&,^^Igv ^jin r4j(^GUGS)p,d (^pldd^&frjDGzr. 

(°£j<o$)<omuj G rflrjcb (Web G Code) 

(^jG$)GMTUJ G rflrjGV <S £0 §>) 0)00 (LpGV &QlU& UITGUG5)G$TLUnd<d). £g)(off )0 $ fr] & GfT LI 6) G)d IT) d &) ${£]<S)SILI 
uLUGiru^^^Gomb. ^gstg^ild GTGi?l<prT& ^jGinGmuj^Gn^^QGvQuj uLUGMuCtidfyGULb (LpispiL/Lb. 


mi ii* ' ■ i- 

Cl Z1B 
G1 Y12* 

tai XU T:>a Plii 
1:1 KW 
QZ W TZN 
G1 YW 

G2 X14 VI fcl* 

El XU 

Hd V1H M4 Alii (yi'iih ipiral ! j 
Q3 K-1» YM B-li. (prahj l«i & prf p > 

G3 ,W YU lie (center) 

G9i g: :qb zu 

S3 ¥11 n5 ij [clnk In Inrr—iit~il| 

T1H t*i j 1 1 (jaj^-iiu, Ip-hliiyr n HliiI 4lrf:i-'l 

r.?il C'ri XI [firp inrti In Hi# riqni V 
G3 Jt-l R1 f'-j-Jiu: ir inrhea) 

G3 XI ZB. 3 I*. 5 HL5 4.1 J ir intlws!i 

sai (hick ta w+: 

hKH JUfl -jJj n: 111 in') 
nnx 

GP XH TJP zu 
G1S (X-I places 
S3 r« [Li <5 
bin ty-2 ii ivrr i’ 


SruuluGa L&GJ a L*i_|ij^ aa 'iiijle 


TifflftJ Di. ijLi«.«iL. 

Im% 

^j^DGmiu G rflpsv 



£g)z_ 0 /z_//DLD 2 _GfTGTT QulLl^uSIgv G rfl[jGS)GV 2 _GfTGif(Tj) Q&iugj “ Simulate” QurrpppprrGinGKr ^(LgdyS^GsmGb 
(517 (51)0/L/0)zi) 2-GfTGTT QUL-LTj-US)GV ^GldLJUfTG$)<EF>G$)UJ (LpUU fflLDrTGMT^^lGV (55/7Z_1(J)/A £g)/_ 0 / O/_J(700/ 7 ( 5 S )(557 

^(Lgd>^]d Q&rrGm® GrL^upGmu 0(55/70 § 5 ) <o57/7<5i3 (Lpu u d llttgmt 2_gh?I lj u nGm^Gmu GrLpjfipId Q^BG^GuujrrGGT 
(S&rrGMTrd&GrrlGV urrrrda (LpupiL/LD. Gldgvild &tL^lgpu5)gst <Lda,!jd>GG)G)U uiuGkuQd^d G>&>gs)gu inrrG$r ^GHGT/dp^ 

Qurflprrd&GvrrLb. 

T§]fjGS]Gb <o700O <517/70 G&rrLLiLpGViLC) [£Ig$)gv GmlupGinuj (cursor) rflirupbSilGxrrrGV @0 rdpGV Qpiuilild 

Ggugs)gvg$)uj ui—£&>Igv pbLtppbpd (S&rri—rr&d ^mlQ)LD. £g) 0 / <si7(7£ $d& zA(55<5i/z_d Gu&dhu rrongd. 

G&(s>LDiTLLut-d& (CAMotics) 

2 _/_/(OT@ 16.04 $)6V camotics 1.1.1 amd64.deb G&rruGinuLJ u6j)G)dlnr)d&L£) Q&ujGpGir . iSlGtTGtrij dLfd&Gmi— 

&LLl—G$)GrT S)«/7(5)^0/ rdjQJGfiKSGXTGZT: 

Sudo dpkg -i Downloads/camotics_l.Ll_amd64.deb 

^GtrrrGV Q&inG6)Gmup5 ppjGud&, (LpiujD&d^rrGV Gj($&>rr &>i_rd&,GV gjidulI® rflG£rfri]G)d®Lt). iSlpdd)G$)Gzr 
GTGirG$rQGUGSTfrU Q&nfllLIIsfili5VGIDGV. (LpG^G^TUJ^^GV 0/(517/57(55 (7p(L//D® 00 G/-J/70/ GTGftTJT) ftfJGV Q^rT^UGDU 

<pjtp)iruGu&>lGV iSlpdd)G$)G$r GTGzrfru G)0/j)(/_/<5i7000/. iSIgstgztij libvS rflijGV Q^rr^u iSIgst ^gmtgdlduj 
QguG rrhid l^g$) i_d §>Lpd&Gmi— &,l^i_gdgu 0 ( 55 / 7 ( 5 ) 00 / rdjrijGiSKSGZT&sT: 


sudo apt-get install libv8-dev 

^)(o5)0(Z_/(5)00/« G«Gz_D/7l1^_«(5^ QcLinoSlGmud) 0/<517(5>(9> (Lp^.000/. ^/00/Z_(557 (51700 6£0 (LpGSTLDrrS)ffl .tpl 
(S(55/7L7/_/ 1—ii _0^)(5i) urrdd&Gvmb. 
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x r. — 


LJ 


CAMotks 




. 1 ■ 


V A 


files 

compass.tpl 


Tool Table 

1: 0.125x1 inch Cylindrical 


workpiece 

Q Automatic 


in 5.00 


Manual 

Dimension 


Offset 


67.0000 mm ; 

-5.00mm 1 

90 . 0000 mm ; 

-5.00mm 1 

izjooomm 

‘12.70mm 1 



N FJ 


* N H S.V; kj C A ► * @ 





1 

2 

3 

4 

5 

6 
7 
B 
9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 


var width - 25 4 ' 1.9 
war length = 70 25; 
var side - 59,25; 
war depth = 25 4 9.25 


function print_point(point) { 
print I‘(', point[0], ‘, 1 

} 


function printpoly(poly) { 
print('(') ; 

for (var j = G j poly length 
if fj) printf\ 
print point(poly[j]) 

> 


[1J. ')’) 


> { 


( ' 1V n M 


Progress I 




(S&QLDrrL-Lq-d&T r§lp<sv 


Gmjn&GmL- ($&,rru 6 $)u urrrr^&>rr 6 V u/_65^)65 2 _(tT)Gu rrd^m. 



(%3>(SLDniLu\-&>'ST un<su®r>®STLund&(5V 
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uujgst u($)&>§)) &Ghu& gt[b§^ rrrd&isrjjd&rrGsr 3-<syd& G rflrjGV&Gnm fird&Grr 
urrGUGDGSTUJrrd&,6vrrLD ldpo^jld ^^gst g^gs)Gytgii^gs)Gyt (LpuufflLDrrGm^^lGV &rrL^d)uu($)£pGvrrLC). oSlGnd&r, 
G)SlGm(Si_rr&T LDjjjjT }]ld Gmd &G$$flGsfl&6tflGV ^_pGV G<$Gz_d/tz_!_^_<$<^ rflrjjGUGvrrLC). 

G&$LDrTL-Lq-d& Q&iuuj ^lUGvrrp QGUGnGV&Grr: 

• 5-^dar urrGUGr>G$riurrd&GV Q&iuuj ^lUGvrrgj. 

• «(o5)z_cJq3 GT[B§)lrr urrsu gs)gstlli rrd&^GV Q&iuuj £g) u_iGvrr§j. 
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14. aQiua iSlffSTLDnfDfQju Qun(j^a : ^<sb (CNC Retrofitting) 


[Brnsu 6^0 ^GUGm^Gma^ S)(5i/(oyfl/5/7/J_(5)«0 ^Gu&crLDrra miyyiuu GGiiGmLpuSl^faiay. p&gugv 
ur^ja,ru lyda^ra, <syGurra>Gn l^gmg^t^^qSIgv Qufjryd Qa>rrGYTGu§)]GVG$)GV. Qp>rGX)GvrBa>®S) ^GVGvay 
GULpd&LDrrGzr^(d^a=GV pLpGVLDrra^da^rrGir ^gvilju (LpL^iL/LD. QpmsvKSvrB&oSl (S&gsxsij QuqrjfB&rflGV gt^j^Qld 
£g)o 3 gfigv. @)<so GU(i] ) i_rd&,snrr&,(SGu gigik^ld Q&)rr®s)6vr5&®S) Ga=G$)GUGmu u uuj&fru(i))fayG)j(fGVGX)GvQujGSTry 

&r>\JT)IGSTij. I_l &5)&> LJUl LD GUrTL^&U G)U rGSTJT) Q&LLI®S) (TpGVLD ra,($GU r ^JGVGVay GUqjjLpilSlGV PDF 

G&rruurr& tb&gv GrQ^ay lSIgstgst^ a=GV pLDGVLDrr&GGurr rziGpiuiSl Gfi}(f)§>lir)rrrf&Gh GJGsrry abi.filGsrf 

^GbGurrry QprLfGvryLGuLD gA g$) pgu rr& LDrplGuy^LD a,rGvf^lGV ^]gstgs)ild G$)a,inrGV (^lud^LD 
GipS) rrrda>GS)Gnu uujGsru(y)^^jGu^j GUGmfla, f&>lujrr& fhurujuu^fp, (LpLpiurray. ^GsrrGV Qu ([5 (lp^gSQ) 
Q&iugj Guard din Gif^lyLb, tbgvgv urrrrwfiu l51<sv G$)Gu£^([ijddrr)rf&Gfr. Q^gstguild (Pgv upprrsmQ&dr l61& 
r5(ririr)rr& Ggugs)gv QaiuipiF. (°))gugu rpl^da, Gm&iurrsv ^iud(3)Lb GipS) rrrda>G$)Gn Gjuuipd a^Lfil^ayp 
&>msrr]G)51 lGQu L/ay &Quj& GjrB&Drrrd&GrrlGV (jpa^Gfi® Q&iuGu&jj gigst/tu G&L_§>)rr)rr&mrr? fhuriuLDrGsr G&Grnsfil! 

^&(Sgu Gldjd&gmtl- lY rrddGUGsrd^ &Qiu& iSlGsrLDrrtDryu Qurr^ppsv [bgvgv $rfGurr& ldil/ld . l/6)Iuj 

aoTpStlpLC) Gurrdaf Q^GS)Guuu(f)id (lp^gSlLl^gv <g £0 dry urr&LD ldlGQGld Q&gvgij Q&iugy 2_rda,GrrU_LD 
^) 0 « 0 /i) GuaiurGV ^iud(^LD GjrB^lrrrda,GS)Gnd &Qiu& GrrBd)lprd&GrTrr& iSlGSTLDrfjry u Qurrqjj^GV Q&iuili 
ggllUQILL. 

^GtrrrGV Q&iuiud a*.Lpiuay a^rrGsm? p gstt) rr& G^LpdQa^aGmLp(i^d(^Lb ^)(/j/ 5 ^)/ 7 /i) GtfGmrrd G>51iGi_rGV 

GTGSTGST Q&IU6U&J <o7W/p/ &GUGS)GVU U(f)dr§TJ& GfTTT? flILI[TIULD /7W &GUGS)GO! 

firhi&Gm Q&iuuj (LfiLpiL/ub (Dolt Yourself—DIY) ^i_li_<5j§)<sir Sip <$ ujttij Q&uJiuuuQLb aQiu< S 5 <oT[5§>l!jrhi&<srr 

&Qm& Gir5&>lyrd&Gn ayurrrf Q^lugu^jld LDrfprd&GfT Q&iuGu&yLD GTGufl^add Q&rrsm® Gu^d/Day. 

<or(j)\d)3}id(EF>nid-L _/r<9>, &G$ri—rr /5/7l1(J) rTrrdGi?lo 0 oLJ fl rry gu gstld frda>($GfT Q&ujuj (LpLpiLiLb (Do It Yourself—DIY) 

Gi&hrr) S)hGi_d,5)ldT dip &>Qiu& GirB&llrrrd&GfT Q&iLJGupjn&r&n GUGS)rrui_rd&,GS)6n uSl&d (^gv/d d>(£ G)51 gs)gviiYgv 

Gdjndprrr&GfT. uGvrr <§)/565 Guonrrui_rd<rGnuip &>id(f)LDrG$T ur&rd&Grr Qo=llj^j, @ Gm ^00, uipflonGV 

lS)gxtQu rrn$) Gurssrp Qurr(Lp&y ( 3urrd(& ) (hobby) &Quj& urardaonGrr Gurrddlf prrry&GGn (Grd>S)\ijd)G5)^ 
G&dp&y (^GVGm£^dQ&rrGn§>)ir)rrd&Gfr. £g) ld ld rrSd fil piurTrj Q&iuiuljulIl- 6^0 < 55 ( 0 ) uj& (Grf^fj^^lGST ui_d>GS)<r> 
^r^jQs 5 asrrGmGvrrLD. 
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&QuJ& L3<oirLDfTfDQJU Ql//T045^®5 


«®iiv<95 Silan&OLil (CNC Router) 
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LSl&STLDrrjDiruu Qurr^f^sv Q&iup 

^rrGsfhur^j dhurry Gp(f)GU 0 )GGV <^0 urr&LD 8)iurrfld& ^ 0 /i) GrLpfdl (S/^/jzi) (^gd/du-IlL ld/dtuld ^GVoShuLD 

On .®/A TlLI—^GS)^ fiGST^ &lL®LJ (LpLyLL/LD. 65<Sl5)/7 ^GSsflGsfl &,lf(f)UUGfLyGV £GfTL_l_LC) 

Q&rrQuuprrsv Gldjbu yu Lqd drrGnm t^gstt)^ £g) 0 « 0 /_a ^ly^Lbuf^ly^Lbu 6£<3/7 LDrrtflrfl Q&inin 
/ 5 /i)/_j 65 c 50 / 5 c 50 /. &)}fD®s)LD Gumupp QprrLflGV G)fGS)GST(G^y LDif(f)Lb&)GGST ffjinda (LpLyuqLb gtgsttu 

^(^d^GGUGSSTLq.UJ^GVGS)GV. UGDLpiU GT^S)[JfrJ&GfT U GV&d&yLC) ^LfiGcGlGG ^GVGVGy &LJlS)&GfT LDff)l]JtJL£) 

Gurrrru ufGG)i_&>Gn ^LpGvCSmrr G^(f)Gu^rrGV ^rrmuGL/ 'Sq&h&LD. ^g,gstggv GpQLbGurr&j (S^GStrjd&GV ^£ 5)35 id, 

LS\GSTGGfj(LpiL <syS)l&,Lb Q&gvgu rr^LD LDjjjfigjLD <sqLq.d&Lq. 2 _iu6)5)l_ (lubrication) Ggl iGSST(f\LD. S)([TjLJLi£ 

SOjDGST Q&rrGmi— lS\gstg£Igs)gs)GTt(H igh Torque Motors) Gr5yLq.ujrr& GrLpGV ^GSSTLyGV (shaft) 
uiuGsruflf^jGu^rrd) ^GS)rjd<3 : GV (^gsi/dgi/, ^Lyd&Ly ^_ujg)51l_ Ggugssti_gld mfrym LKlGSTGGfjfGGi^uqiL 
G&Li5ld& (LpLq-iiqLD. 

oSltDLKsisxsisrujMsrrij ldS^ulS® 

&r56is)£5ii5}(sv ugv G)ffu6$)6$Tiurrmrr&,6n&,Quj& iSlGSTmrrjnjrg u Qurr^^GV Q&iuGuprr&d Q&rrGvdtr)rrrf&Gfr. 
gF](dugs)gstuj[tgttgs)tj ldS^IljiJ® Q&inGu&y (LpddinLD. rBLbu&LDrrssr ldpo^jiL [bgvgv ^ctlcggst urr&rd&m 

ULUGSTU(f)f^JGU^JLb (LpddiULD. ^GUrT&GfT GTG)JG)J GTTGTf flgUGilGSTfr]&G1?lGV GTd)&>GS)GST GTtF>d)l IJfhJ&GfT LDLDtT^l[fl 

iSIgst LDrrffry u Qurr^^GV Q&in^([i)ddir)rrrf&Gfr gtgsttu Q^rTGUGUGL/ m. ^\d>&> 

G)j rr up dss) in rrGfrrf&>GS)GTT GZi Gssii d ^GuQGuddlrTfrj&Grr dcjiud&rTLDrr& Ggugdgv Q&indlGSTjriGSTGu rr gtgstijj 
G fl&rrrfld&Gi-iLD. Glogvild urr&rd&iGnjd^ rff in mu ld rrGsr arrGvf^jd^ QurrfrjjuLqiyj6)iLiLC) Gg^gdgu. &Quj& 

GifS)rrrd&GrfiGV 2_r£]&Grr ^nLflinf^iG^d^ GflfuGDGsrinGGny uuffdl &>(!])gu^ld (Lpddiuii). 

<9rLpGV £Gm®d(&j LDrrfQ] <gj<ss)6oQuj<sssr ^jiudd (Variable Frequency Drive — VFD) 

< 55 i—d>&> SrLDrrrr prriDu&y ^GmQ&GiflGV, lSIG srdmGsnd &>[tgst lSIgstgst gssii g^ujgv Q^rrjjfGvr^LTuf&llGV 
(LpGSrGGSTfDfDfd&GfT UGV GU tF>&jJ G)fl if L _#j tTGV LUTT^J ^JGDGvQ UJGSST £g) UJd ffl ll5lGST Q&GVG1J LDff)llJJLD ^GfTGS)G)jd 

(^GDnof^j, Q&iuGv6)ir)GS)Gsr Gmfu(f)f^lG)51fi_GST. ^gs)^u uinGsruflf^lGSTGGV &LpGV ^GmuyGsr Gguss^gs)^ 
LDrrrDpgjGi]^ /D0 <oT®<$0zi) Gpyf mfiryf (Sgugs)gv uSld&LDn(&jLc>. ^gSItj gs> rjd&GV, urrrrLDrrhjLq wfirg f 

Lf&fr&rrrr Q&gvgl/ld (^g^jdil/ld. £g)0 j Gif^ ^GfTGq ^rhJ&iGnjd^u uiuGsru(f)Lb gtg$tug$)&)Ilild ldT>1 lj iSl 1 Gq ld. 

&jDtr)] G<su<s5)<so&<ois)GrT£ prrGisflujrhi£}ujrTd(&jGij§jLb &rr£(£lujLb 

iSIgstld rrfiijj lj Qurr^f^GV Q&ujuqLt) G)ffuGS)G$rujrrGYTrr&GGrT &rjr)i]jtj GGUGS)GV&,GS)GniLi ld < 5 rrGsfhuid £) inrr&> 

ujrrfjj) ^_<3)Gijd^(f)ii). prrGsfhuryd) 2 _ujg)Ti_gv ^ gs) z_d lj /_/ (Automatic Lubrication System), prrGsfhur£§>) 2 _Grrl 
mrriDf)] (Automatic Tool Changer), urr&d ^gs)L_ Lnrrif)(]51 (Pallet Shuttle) ^dhuGuifirud^ gtgL gu GYTGq Q&GVGurrq^LD 

GT GST GST UIUGST 650/i) GT GSTfjjj LD LD^I U if l_GTj LD. 


TBGsrjfi) QgafloShjLi&m (Acknowledgements) 

• Michael Vroegop 
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15. &Qiu< 55 &<S8)i—&<sb LDjDfQjLD §]([ijGiJ<sb <ss)LDiunu&6fT (CNC Turning and 

Machining Centers) 


<95©(/_/<95 rrrhJ&sfilGV upGUGvrrau uiU65ru(p)d,p,LJu(p)U65)6iJ &65)1—3=60 65)LDiU(LpLD (Turning Center) ^jq^gugv 

65)ldili(L fi ld (Machining Center) ^,(^ld. &Qiu& 3>65)i_3=6V Trd&iGfjjd^LD 3>65)i_3=6V 65 )lduj rd^iGipd^Lb 
$j65)I—Giu (Lp65)JT)UJ rT65T GgUJTIJU rr® 6T3)161] l£) 6065)60. 6T65?]65)lLb. "<95<oS)Z_ <9=60 GTfB^lgLD ” 6T65TfD QuiLirf &65)l—<9=60 
ldlC(^)(Sld Q&iuiud&^Lq-iLi ^(U[B^lgrd3,65)6nd (p^pldau ulugstu^^^uu^^jp^j. (°£]65)6u X LDjpjrgLD Z <^<95 
^id&a65)6YT ldiXQCSld Q&rr(5mLt)-([Tjd(&)LC) LDtpruLD <spGcrQiurr 0 iSlLDj-UiSlprrGsr £g) 0 < 950 /i). £g)< 5 /D 0 
LDrrtr)rr&, <( 9=>65)i— <9=60 65 )ldiuld ” gigstt) Quiurr 9,65) i_ 9= go GifB^Irr^^lGO ^jq^gugo ^jgogo^j ^iijuuGmd, §)jD65)65T 
Gpd^rddlGDGmd^m ^jgogo^j rr6mi_rrLD Q9 =(ugou rr(p)9,65)Gnd Q&iuGupp^^ ^jgdgmt 9rLpG0 pGmQ&GVGnd 
(sub-spindles) Q&rrGmi— ^lurBS^pry&GinGrT GULpd&LDrr&d 0 /? 5 Iddlpg]. ^^Ggu ^Guipi^Gb ^lpgstjt) mb Y^d&LD 



3>Qiua cS<5DZ_ &6V &DLDUJLD 

p>rrG5fhurd(g) 2_6i?l LDrripd)] (Automatic tool changer) Q&rrGmi— &Quj& ^kj^gugo GipS) rrrd9>65)6n^ ‘^(i^gugv 

65) LD LU LD ” 6J65Tjrg Q&rTGV Si JT) n\J9=> GTT. &QlUS 5 0/0<Sl/(Sl3 65) LD ILI 9> 6)1651 lS\s 5 LDj-LJ LJ 65) l ILI rT GST SlT) U iSl UJ 60 /_/ 

&rLpoShi3l6ST d)\65)<EFUJ65)LD6)-i<9 )idgst. Q&ihi(&)&)§]&) §j(jTj6U6V 6$)LDiLifhJ&GfT (Vertical Machining Centers — VMC) 

Qurr^jGarr^d) ^jGVoShuLDrrGsr G6U65)6od(9)LJ uujgstu^^^u u(p)dl65rjr)65r. S65)i_LDiXi_d> 0/0<si/q3 65)lduj rd&Grr 

(HorizontalMachining Centers — HMC) Qurrgj gu rr &lj Quq^ldgugl/ 9}iurrr?lLJLid(9)LJ ULU65ru(^)^LJu(^d)65rir)65r. 
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LDff)Q jd rrqT) ucrGUGvrrau uuj(^u®^^uu(hj)LD ^jq^gugv g^ldujld go/5^/ ^d&&Gn Q&rrGmi—gj. 

uGmfl uQ u rrQ^G^GnGuj rr ^jgvgv^j QGmlQd ^(I])G)51 gs)uj(Suj rr ^jgvgv^j ^ rrGMTG$)i_LLi(SLDrr ugv (S&rrGmry&GiiflGV 

SjlQTjUU GUGVGV^J. ^^QgU UGV G&rTGMTrd&Gfr] GV &>l CJKGU GVILD §][JUUGm(LfiLD Q&IUIJJ (g) IUGVILD . ^^rTGUg] 

QGuiXQd &> 0oS) go/5^/ <sydfr&Gi?lGV rB&crGviLD ^)0/i)U(5iyz_D GUGVGVgj. X, Y LDjDjryLb Z ^c95 ^LpGirru (S/5/7 
^d&T&GdGV Ij&QTjLC). LDfDPQJli) A LDfD^JLD B ^<95 £g) \JGm (5) 'Syd&r&GiflGV ^)0/_DL//i). GTGmCSgU UGS^fluQUrr(TT)GDGn 
£g)/5<5 1£[5§J ^)<o5)^ r c95(oYfl(5l5)0/5^//i) ^I GM)I & ^UJGVILD. 



^LpG^rgu QrBifhuGV ldjdtuld ^LpG^rgu frLpov ^&&&(5rr 
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&,Ql±J& gJ([ljGUGV GS)LDUJ LD 

&rr<sisflujihi(8j UGSsfluQurrQ^Grr LorrjDjSl (Pallet Shuttle or Pallet Changing Systems) 

(oirB&tlpu uGmfl ldgs)gxtu5)gv uGmfl uQ u rr^G^GULLi ld u rr&,rd&>G$)GniLi ld gd&ili rr(GrF>Lb Gu&&>ld&rr& Q ucjkldu rr<svi ld 
LD rr^^rrGvrrG^r ^ Lij_(3LDGDi_&,GDGn(3ujrr ^jgvgv^j &,Gvrd&GS)Gn(3uj rr uiu^uQ^gtidlGjBrrLb. GULpd&LDrr& QgulL® 
(3glIG$)GV (LfiLDj.[5^lSl(dr ^\d>&> ^)(L//5^)/J^(o5)^ ^iud(^UGU j UfT^^GS)^ iSlLDj.LJiSlllSl GlS) (Tl) rB&J GTQl^^J &gv£&Ugv 
gipigu^^jg^lLQ) uGmfl uQ u rr^Gnm gtQi^^j ^lurB&tlpp&tlGir iSlL^uiSludlGV Qurr^pgjGurrrf. 

GUQ ( 517/70 Urr&p&jjd^LD Q&IUUJ (3 GU G$$T L£j- ILI (3gUGS)GV ^^GVrTGV GS)&>LU rTGV Q&lU^rTGV (3rF>!jd>&^d) 

(oTrB^lrjLD uiLi gzt fDjD&)rr& ^([jjd^Lb, 2_fDud,&) Q^iuiud^u^iu (Spend GtfGmm^LD. ^,&(3 gu 2_fDud,&)d, 6)tr)G$)G$r 
£>_UJ fjd)<3}]LD G)u/70l1(5) c$£)(Z_/<95 GT^S) pfr]&G)l?l GV p [TG^fllU Ihl @ U GSsftLJ QU[T(lpGfr LDfTff)f& &>GfT 

^gy gu d) iLi ld nd) <@5) lL z_ Gtr. 
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CNC machining 
center 


Tool 
storage 


Shuttle cart 
(with pallet and part) 


Shuttle track 



Shuttle cart 
(empty) 


Pallet 
(with part) 


Pallet holder 
(empty) 


Pallet (empty) 


Pallet rack 


prrssfhufrJiQ uGmfl uQu rr^m LDrrfopl 


prrisisflujfrigj LDrrjDfjSl 

Qn&mrrd) Q&ujprrsv 2_fDud,&^ (SrBijd,®s)<EF> G^Gm^d^LD wroQjr )(70 (LpddhuLDrrG^r (Sgugidgv 2_®i fj 

LDrrpfrijGu&jj. < 5 rrGsfhuid @ 2 _<syfl LDrrpdjl £g)/ 5<5 Ggugdgvgduj GfilGmrjGurr&d Q&iuGuprrGV 2_fDud>&^d> 6}jr)Gir>G$r 
2_iu[jd>&) (ymj-iLjLi). 
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rsdrrSl Q^fioShjLj^m (Acknowledgements) 

• Wikimedia Commons —CNC Lathe 

• Wikimedia Commons —Automatic Tool Changer 

• Parts handling system 
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16. «775j§)/r <£i<o8sfl 2 -jDu£$£l (Cellular Manufacturing) 


(Si5<s6)6hidG&pp lSI( drGm(Lg^ gvgv^j LSlGirGGxrrrLli—Li) <si/Lp/E/0(Si/0/D0 G^(j^rhiS)GS)GmrB^j Q&ujgvuQld) 
ugv Lffi&k&Gvry&sifl&k u uuisifruQp&j&GjDrrLb. ^GpGurrsv G^GDGinurr&n urr&Lb 2 _jdu£6)I 

Q&iuili ugv S)Gsf]a)&)Gsf] 2 _jdu£ 5&?I GipS) rrrd&GrfiGk u uiuGzruQp&iGvrrLb. ^gd^Quj gttbSZitj 

QurrqjjGrmd&LC) ^gvgv§j GJfB^Irr ^iGmfl 2_pu£5&?l <o7w/p/ Q&rrGvdlGrDrrLD). 

<S £0 2_fDU<EF>&)}U iSl lf\G)S] GV, 6£0 UTT&II) ^GVGVgJ 0/(o5)(o5370(o)^/70/_}/_/ <EF>UJnfj)d<5, G^GDGDIUJfTG6T ^ (o&)(55700/ 
Q&iiJGVurr®&(GnjLC) ^ 0 ^ 0 ( 3 ^ Q&iuujuuQld. Q ucrpLbu rrGpi dp U- gdil^gdi ^gdlduiSIgv GTrB&^pry&Gfr 
(^(fgrd&GvmdauuuLf^d^LD. £g )00 GT[B^lrrrd&,GDGn ^lud^uGii jam Qurr^j gu rr&> u gvg)51&) ld igst 
Ggiigis)gv&gy?Igv Gldgv&>!& uuSlpd) Qujf)fr)l(rF)Uurr. ^j^Qgdi ^GDirr&GYrrrGV Q^gs)gdilju(^)lc) ugvg^^lddtgdt 
uGmfl&GDGnd Q&ujiu (LfiLfiL/m. 

Gp( 3/J LD[T§)1 jflUJTTG6T Urr&fr]&Gti)GYTLJ QuqjjLDGYTGfilGV 2_jf)ud ) 6)l Q&UJIIJ £g)00 (LfiGDJT) UU1G6TU @®0)0/. LD LD !§)! fi 

Qprri—rrddlujrr&d Q^ujgu^ttgv <^@00 Q&iligv (LfiGS)ir)u5lGV 6^0 iSl rrd&G$)G$T gdi[bJ)Dgv ^^gst (LppG&^uj 

Q^LUGV(LfiG6)ir)G6)UJ 2_ Z_ <o5Ri/_ (/_//T<95<# &jfl Q&UJUJ (LfiLfUfLD. iSlGDjJ) (5X00/ /£) [jn&rfld&LJU® LD U /T<95 [h]&G1?lG6T 
(5lS)(Lp«c55/7(5) (&)G$)JT) Ilf LD. 

ct @ 00 /&&/ 7 l 1 ( 3 ); 0 rrihiSluSIsir GiiGsymuMhiaGrr 

<oT(5)00/«c55/7/J./_/7cg5 fifrj&Gfr 0 fTfhi £) uSl gst Qgdig/tJ gliG6)gytujld (bearing outer ring) LDpruLD 2-GTT GilGS)GfT(uLD (inner 
ring) UGVGvmfilpd&GmddlGV 0 umfild&> (SGDiGm^LD GTGirru <o&xsi/ 00 /<$ Q&rrGtr(SGDirrLD. 



1. QgdIGYTI GDIG5)GYTUJ LD) 6. 2—GfT GDI GS) GYTUJ LD 
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£g)/70 GGUGDGVGmud (g Lprnu guL pGud ®gvigttgh &d&rru Qurrq^GiflGSlq^fBgj Qprri—rd(&)6)5rr&6h. 
(Lp^GvQGUG^GViurr^d aQiu& &gt>I—< 9 : 6V Grrf)§)ijd>S)6b &rrGr>GMr iShpds$ ldl5®ld Gupmip 6)5 )l 5® (LP(Lg> gul^qSIgv 
Qgul 5® Q&iuGtfrf&Gh. r£)iru6UGnp§)&sT d\G$TGSTd>GS)p>uqLb nr£]Siu5 )gst ^6m z_ uj[tgyt GTGMTGDGMTLLiLt) 
(Lpa,uuda,d>^](sb (jp^^lGS)pu51®^6V ^pgmti— ttgu^j Ggugdgv. (ppGsriprrGuajj ^LpGsruu®p^jpGV (hardening) 
LDpjruLC) upuu®ppjpGV (tempering). ^gujbgdjt) aipGsru u®pp> qpp) u l 5 Ldi_ ^GUG^d^ dprr& (^i_ndSl 
gtgmtgdgmtu 5)6V p6ftsfld& (quenching) Ggugmt®ld. ^®)G5§j u<p>uu®d><p> (gjffil ljl5 )/_!/_ ^GUGi/d^ (&*,!—rrd§>) G^fflq^ 
LDGMf) (Sp^LD 6$)6u£6)l(r]jd& GgUGMT® LD. tT> tT 6V tT 6U <3jJ GgUGDGV ^TTGDGMT l 5)Lp^GV (grinding). (Lpp>®S)6V 
(Sp>GS)GUlLI GGST <Sy&,6VLD GS)6U^§J (Lp&pGDp &rTGr>6MT lS)Lpd& GgUGMT® LD. QgUGTT) 6)5)ll. /_<£ GS)&PLjLD 2_6fT 

6)51 l) l 6561D65 (L/LD <J/T(o5) GMT lS) Lpd& GgU 6MT®) LD <EF>GS)L dU±J rT&> 6£®p>l_d>GS)p>d> Gp> GDGUILI fTGST GU ipGU d>§) 6V & KGS) GMT 

iShpda^ GgugmtQIlc). &GS)i—d) Ggugdgv &rTGS)6Mrd &gvqS)gv ^lL®^gv (honing). 

^TTfElSluSlcir 61J6$)6fTUJ[bj&»<oh — 6U Lpd&UblTGSr S-JOU^^I 

6ULpd&LDrr& £g)/565 QprrLfilp&rrGinGVirilGV GrpSUrru ugmFI ldgdgst, (Lpp®lGS)qu51®pGV, Qguljulj up>Gsbi_6V 
<3)Gsf]d><3)GS?]U U(&}S)l&6YTrr& (gjdqpLD. GTfT)6)ljLJ U GmF) LOGS) GST il5) GV &6S)I—<9 : GV, & 176$)(GMT lS) Lpd)&jGV, ^L-®^GV 

<3)Gs?ld><3)Gs?l 2 _l5l 5)r56ii&,6nrr&, ^(pdqpm. gpgijQgu G(p Q&ujGvqpGnpiLiLb (Lpippp l5)gst ugssFI uG) u G(pLd&,GS)Gnp 
0 ^/ 70 ^) G)&)tT(&jd)l uj n&> (batch) Q&iUGvqpGnpd&rrGsr GrtB^lpid) £g)0<$0/i) £g)z_<90/<$0 

rB&rfpgjGurrrf&Gh. 

^ntdtSluSlm 6iJGS)6murhi&6h—GrpStlrr ^gmA i^pud^l 

Grp® rr <syGMfl ^ff)ud>&)(LpGS)fD Q^rr^UL/GufflGS)^ (assembly line) ^fDud>S)(Lp6S)fD QurTGsrru ugv 

Grp®rrrd&,GS)6n^ Qpm—rrddhurr&u uujGsru®^^jS)ir)§j. £§)/5<5 ®)gdgvuj rd&,6h)GV gpgijGIgu ggsttu ld GpGkjrg 

^gvgv^j ugvGgutuulLl- ^]iu[B® rTrd&,GS)6nd Q&rrGMT® <^0 qpp) u l5) iGl_ ugmOgdiu rilGDjDQGujD^jSlGsrjDGsr. 

UGMfluQUrr(TT)Ld&,6fT 6£0 tflGDGVUJ^^lGSlq^tB^J <S>i(®d) , 3) [&GS)6VUJ^§)lj]r)(&) QUfJhLDUrTGVILD p>rrG$biurd(&) 

ugmFI uQurrqfjGfr LDrrjBpl qpGvrn /5<950/_a G^GuQGurrq^ ®)GS)GViu(LpLb 2_ff)ud>§) Q&iuGvqpGnjpuSl&fr 6^0 
uq^S^lGmu rflGS)ir)6)-i Q&iu§>)jr)g]. 
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apsirsirf- Qufitu ^twsssfJffifinsEidSJeu u.TWffijsEfinGiT <spq$ Qjzug&qpgsi?!} *Lpq.^^iS;s rr 

■^(Pi5i5 gj6sifr}d(yj nj'9zp$gp&} '3rt ft in 



iS: sir-sirf- ®£>)\u srspffSpfidsn^uSisb urr^mi e_ilog^JEgst7 Qd^ycu^fin^ 





Grfffilrr ^gmFI 2_[f)uJ)&) 

QucrhLDurrsvi ld GrfSilrrrd&GfT “U” GUL^Guf^lGV Gp(Lprd&,GDLDd&,u u(f)^lGirjr)GST. us^uQurr^LL&snsrr u5)&d 
(&,(GS)jd surra 5 rB&jfa^Gu&jf^Lb, Gurfu rrrrGnGuiurrGfTrr (Lp(LJ Q&ujgv^gvjd^ujililc) psir^ a^sma^rrs^sflda^G^ ld 
£g)/5<5 ^sdldu i_i 6u&&?hurr& ^([ljddljDajj. 

^sifiudGVimsYT sT[hdlrrrd&,(mddlsDi_u3lGV (^rudliu ^tctGld ^(^uu^rrsv urr&dj&GmGrr rB&fab&jGugj srstfl^j. 
Glogvild £g)z_/i) (&}6$)ir)6urrss ^(j^uu^rrsv a=jd(^&,GDGfr Gg^gdgu ufsirpl ^(f)dd) gdguuu^jld 
^,G)S 1 jd&,u £g)<off><5 <^l^l(Lfiss)ir)LJuQ)^ dlsvrf urr&r£&m ^®dd)ss)Gijd& ^_da=Gu rrmL/ 
GfltfluugjGm®. ffisorj <s^0 GTGMTGisfldGDa,d(^ Gldgv urr&rd&GfT'SyQddl GS)Gud& ffiuGvrrajULrj. r7>(f)u L_i&,Gfr 
GDGUUU^JLD 2_Gm(hj). 

Q^ss)(sud(^ ldlL(QiGld 2-fDud>&) (Just-in-time manufacturing) / 6£(J)/5V0/7>)<sff>(SU 2-fDud>&) (Lean manufacturing) 
Gurrsirfo Qa=ujGV(yrG$)[Dii5)uj6V&,GfT <sdu u rrsfld) Qi_rrGiurrifi_rr (Toyota) fljrjjGLi surfS) si) Q&>rri_rddl 
^svQ&rddlsyi ld u rrGUGvrr&u uujgstu® f^uu(f Sight) gst. ^rrdss)^ GpGS)Gud&6)l&LDrr& ^(fidd) gdgu u uGD^f 
&>Gfi\fd&> ^GUffplsV 6£0 GTGffhlJ (LpGS)fDGS)UJU iSl (oftTUjf)lipj<d)jT)niJ&>GfT. <57jrd&,(GfF,d(^ ^GDI_u51gV UrT&frJ&GfT 

^j(f)dd) GS)GLld& 6£0 GlDGDG 1 ^GVGV^J 3)GS)!JuS]d) <9 H_Li _ LD GuGlGf) GUGS)IJLLIfrgd><3) U(3)S))&,GfT 2_GMT(f). 

^GujDfrud(§ 6^0 GTGrihu s^^l^rrsir. “^lLi—LD flGDjD[5^(i^[5^rrsv ^fuf^lGmu rflfrupgjdj&Gfr; 

^gvgvggJ1lLi_ggv ^lLu^gd^ flrru i_i rd&GfT. ” 
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